In computer land there is no such thing asa globally 
Standardised system. Over the years many manufac- 
turers have come up with software which only runs on 


their specific systems, and many of you have wit 
nessed the nse and demise of many computer 
types. Fortunately, a fair number of emulation pro- 
grams is available these days, allowing software wnt 
ten for other computer systems to be run on an IBM 
PC or compatible. This article aims at presenting an 
overview of a miscellany of emulators which in most 
cases may be obtained at no cost from the Intemet 


computer emulators 


Using a PC to mimic other systems 
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Figure 1. The main purpose of most emulators is to enable you to play those immensely 
popular games. This page shows some screenshots of C64 games. 


A lot has happened in the relatively 
short history of computing. Over the 
past 20 years orso, many different sys- 
tems have been designed, some soar- 
ing from nothing to immense populan- 
ty in justa few years time, others failing 
miserably and dropping out of the 
market only months after their intro- 
duction. 

Today, the situation is notas bad as 
in those early years of computers for 
the masses. Apart from the IBM PC and 
the Mac, and including all their 
clones, there are hardly any other sys- 
tems left, although we should hasten 
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to add that that applies to the aver- 
age home orsmall-office user and we 
do close our eyes to mainframes and 
high-end workstations. 

The annoying thing about all these 
different systems is that they all run 
their own specific software. For exam- 
ple, If you decide to change from a 
Mac system to a PC system, nearly all 
your valuable software has to be 
replaced. 

So, over the past twenty years we 
saw a lot of programming activity, the 
results of which would appear to be 
unsuitable for use on today’s comput 


ers. However, to enable you to contin- 
ue using the mass of software wniten 
for these ‘old’ systems, emulators have 
been designed. Basically, an emulator 
iS a program that uses software to 
mimic the operation of another com- 
puter system. In this way, it is still possi- 
ble to keep using those faithful old pro- 
grams. 

You may raise an eyebrow now and 
question the pumpose of it all. You 
could argue that we have come a 
long, difficult way since those early 
days, and we can now enjoy 
exchanging lots of software and sitting 
in front of the latest multimedia PC. 
Who then would want to mimic a relic 
like the Commodore C64? 

Well, in many cases the main inter- 
est is in games rather than ‘serous’ 
software. Forexample, wagonloads of 
popular games were produced for the 
C64, and people still want to play 
them! Although the graphics detail 
and sound may be pnmitive com- 
pared to what we have come to 
expect from today’s games on CD- 
ROM, playing those old games is still 
great fun. 

Hobbyists and other computer 
amateurs, who offer the fruit of their 
programming efforts as freeware or 
shareware, have written many of the 
emulators we mentioned above. The 
scope of emulators is by no means 
limited to ordinary personal-comput- 
er systems — emulators are also 
available for game stations (‘con- 
soles’) like the Atan 2600, enabling 
games which used to require a TV set 
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to be run ona PC. 

Before discussing a number of emu- 
lators currently circulating on the Inter- 
net, some remarks must be made on 
emulators in general. 

A good emulator provides a near- 
perfect imitation of the onginal com- 
puter Programmers achieve this by 
making use of the onginal system 
ROMs. The general idea Is to copy the 
contents of the onginal ROMs, and 
then link this data to the emulator pro- 
gram. To be able to do so, you obvi- 
ously need to have the onginal com- 
puter. Of course, ROM copies also cir- 
culate on the Intemet, but this reflects 
an illegal situation because the orgi- 
nal manufacturers do not usually 
make the ROM contents available for 
general use. Incidentally, the same 
applies to many games that may be 
found here and there on the Intemet: 
the orginal reproduction rights are still 
held by the program producers! 


Many different computers 


Once you start looking around on the 
worldwide web, it soon transpires that 
an emulator is available for practical- 
ly any machine. Below is a quick run- 
down of erstwhile famous systems; the 
Order in which they are discussed is 
rather arbitrary. 


CP/M 

The CP/M operating system was huge- 
ly popular around 1980. Onginally, it 
was wnitten for computers based on 
the Z80 processor Later, versions 
appeared forthe 8086 and the 68000. 
CP/M was the foundation for DOS. 

On the site 
www.seasip.demon.co.uk/Cpm/index. 
html 
you will find John Elliots CP/M Main 
Page, which provides a number of 
links to technical information, software, 
emulators and newsgroups. The Simtel 
page at 
www.simtel.net/simtel.net/msdos/emu- 
late.html 
also holds a number of freely down- 
loadable Z80 CP/M emulators for MS- 
DOS computers. Incidentally, this site is 
also great if you are looking for emu- 
lators enabling you to relive your TRS- 
80 and Vic-20 days. 


Apple Il 

The Apple Il computer, based on the 
6502 microprocessor, is generally con- 
sidered the world’s first ‘personal com- 
puter’ which was graced with a vast 
number of popular programs. To be 
able to run these programs on an MS 
DOS machine you need to have, for 
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Figure 2. There are still lots of people who just can’t say goodbye to antiquated game 


computers like the Atari 2600 shown here. 


example, Appler an emulator wnitten 
in ‘386 assembly code. The home 
page of one of the program writers, 
Emil Dotchevski, supplies ample infor- 
mation. Both the program and the 
complete source code file are freely 
available. Go to 

www.geocities.com/Silic onValley/Ba y/ 
3577/applerhtml 


Sinclair ZX81 and Spectrum 

Many of you will remember them fond- 
ly, those tiny Sinclair computers you 
could connect directly to your TV. Emu- 
lators are now available to relive the 
great feelings often associated with 
playing ZX81 games. The successor of 


the Zx81, called Spectrum, had a 
more mature look, sporting ‘real’ 
(actually, rubber) keys instead of mem- 
brane ones. 

A collection of emulators for these 
computers may be found at Dave’s 
Classics: 
www.davesclassics.com/spectrum_e 
mu.html 
as well as at Stephan’s Retro-Com- 
puting site: 
www.gm.fh-koeln.de/~ it048/emula- 
tor/zx81/zx81.htm| 
A nice bit of history on Sinclair com- 
puters may be found atthe Geman (!) 
web site 
www.zock.com/8-bit/D-Sinclair.htm! 


Figure 3. This beautifully designed HIML page for the PaCifiST emulator shows the char 


actenstic features of the Atar ST computer 
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Figure 4. Yes, there are video-console addicts! On Paul’s Emulator Pages 
www.cs.tamu.edu/people/pforeman/emualtor/index shtml? 


they find what they want 


Atari 

Atari has an eventful history and has 
gone through a lot of changes, pro- 
ducing varous computer models. A 
tremendously popular games com- 
puter was the type 2600 video com- 
puter. This was basically a game con- 
sole with two joysticks. The unit had 
two joysticks, no control buttons (b liss- 
ful days), and it could be connected 
directly to a TV set. A cartridge con- 
taining the game program had to be 
inserted in a slot in the top cover of 
the case. 

This machine proved to be a mile- 
stone in the history of game comput- 
ers. The good news is that emulators 
are available to once again play the 


original version of Pacman and many 
other famous games. Such an emula- 
tor may be downloaded from Classic 
Gaming at 
www.classicgaming.com/pcae/main. 
html 

which, if you are interested, also sup- 
plies the source code file. 

The regular personal computers 
from Atan also received a lotof interest 
in those days. Some great games 
derived from arcade blockbusters 
were also available for the type 400 
and 800 8-bit models. The Atan 5200 
game computer was based on these 
Computers, and most 8-bit Atan emu- 
lators will be able to emulate this 
game console. Here, too, we would 


Figure 5. Free64 isa Commodore C64 emulator written in C by a 16-year old Amencan 
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refer you to Dave’s Classics, because 
Dave collected a respectable amount 
of Atari emulators, which may be 
found at 
www.davesclassics.com/atari8emu.ht 
ml 

The ‘ST was the last really successful 
computer from Atar — a pretty 
advanced machine built around a 
Motorola 68000 processor And yes, 
an emulator for the ST may be found 
at 

www.pa Cifist.fatal-design.com/ 


Acorn computers 

The British-designed Acom Atom was 
one of the earliest 6502-based com- 
puters sporting a few kilobytes of 
memory. Its emulator may be found at 
wwwis.cs.utwente.nl:8080/~ faase/Ha/ 
Atom 

In 1981 Acom introduced a much 
more powerful computer, the BBC ‘B’. 
Later, the Electron appeared, this 
was basically a BBC B with lower 
specifications. The BBC B computers 
were immensely popular, but in their 
home country only. For die-hards 
and addicts there’s BeebEm, an 
emulator for the model B. As 
opposed to many other emulators 
using plain DOS, BeebEm runs under 
Windows. The source code is also 
available from 
members.aol.com/mikebuk/beebem/ 
ndex.html 

Another BBC emulator may be found 
ata web site run by Tom Seddon: 
www.ncl.ac.uk/~n5013784/bbc- 
emu.htm 


Commodore C 64 

Looking around on the Internet for 
information on the C64 it would 
appear that this is the most popupar 
computer ever made. This is partly 
true, of course, the C64 was afford- 
able and designed to do interesting 
things at home. By the end of the 
eighties, Commodore sold more 
C64’s than IBM and Apple sold PCs 
together. 

The C64 at its time was endowed 
with an ample amount of memory 
(64 kB RAM), and excellent graphics 
and sound specifications. All of this 
contributed to the fact that games did 
very well, while the more serous appli- 
cations played a lesser role. No won- 
dera lot of C64 emulators have been 
written. 

A shareware version of the emula- 
tion program CCS64 may be found at 
www.fatal-design.com/ccs64 

‘Free64’ also deserves a mention 
because it was wntten by a 16-year 
old who set his mind on getting hand- 
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on expenence with programming in 
C++. Go to 
www.inormatik.tu-muenchen.de/~ ort- 
mann/uae/ 


MSX 

The MSX computer appeared on the 
market in 1980 and was based again 
on the Z80. The MSX specification was 
the unified effort of a number of man- 
ufacturers to establish a new standard 
in the home-computing market. 

Hard work, clever designing, brisk 
marketing and the odd success in 
some countnes could not forestall the 
demise of MSX aftera couple of years. 
None the less, some really fine soft 
ware was produced for this platform. 
‘FMSX’ is an emulator capable of run- 
ning under DOS and Windows. 
Because it appears to be around ina 
fair number of versions, we once 
again tum to Dave's Classics where a 
‘best of’ collection is available: 
www.davesclassics.com/msxemu.html 


Macintosh 
Broadly speaking, today’s computer 
scene has two large camps: Mac and 
PC. Of course, emulators are around 
to mimic a Mac on the PC. Using 
‘iMac’, for instance, enables you to 
use your PC to emulate an Apple 
Macintosh Plus computer The program 
may be found at 
Leb.net/vmac/main.html 

As already mentioned (and this 
goes for several of the emulators dis- 
cussed here), a ROM image of the 
Original Mac SE is required to be able 
to use the emulator! 


Game computers 


So far the discussions were mainly 
about emulators for older computers. 
Programmers, however, are also very 
much interested in the latest game 
Computers! The results of their pro- 
gramming efforts may be found on the 
Intemet; emulators for the Nintendo 
Gameboy, Sony Playstation, Super Nin- 
tendo, and many others. Apart from 
these emulators you also find the asso- 
clated games. The suppliers of these 
games assume that you have bought 
the game yourself, which, they claim, 
entitles you to use a copy of it for run- 
ning on your PC. That, in our opinion, is 
a very doubtful claim, and possibly 
illegal. 

One site on the Intemet, Dave's 
Classics, which was already men- 
toned a couple of times, has both 
emulators and games for practically 
all computer types. The site is found at 
www.davesclassics.com 
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Figure 6. Dave’s Classics is the most interesting site if your are after emulators and 
games. Dave has one of the largest collections in this area. 


The MAME (Multiple Arcade Machine 
Emulator) site deserves a special men- 
tion in this article. MAME was devel- 
oped by a team of programmers. This 
wonderful program Is capable of mim- 
icking a vast number of arcade 
machines, and available in a DOS 
and a Windows version. Here, too, you 
have to note that the ROM images 
may not be copied if you are not the 
rightful owner of the relevant comput- 
er. So far some 350 games are avail- 
able for MAME. The address of the 
MAME home page Is 
www.media.dsi.unimi.it/mame 


Expenment! 


A number of emulators are, regret- 
tably, not 100% compatible with the 


orginal computer. This is often the 
case if the designers of the onginal 
Computers used hardware tncks and 
other hidden features. So, if you are 
afteran emulator fora particular com- 
puter brand and type, it is always 
worthwhile to try out a number of dif- 
ferent emulators. In this way, you can 
do a few expenments to see which 
emulator works best (or, better). 

Some computers are followed in the 
wake by ten or even more emulators. 
There are also commercial suppliers 
and producers of emulators, but they 
are not mentioned here. Fortunately, if 
your are looking fora specific emula- 
tor to relive the feeling of your first little 
computer, the Intemet usually offers 
plenty to choose from. 

(980044-1) 


Figure 7. The MAME emulator allows different arcade-style games to be mimicked ona 


PC. Mote than 350 games are available! 
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SCSI remains one of the most undenated interfaces 
in the PC world. Although Apple Macintoshes cannot 
manage without it and RiscPCs and Amigas use it to 
the utmost, Windows machines accept it only grudg- 
ingly. What is SCS actually, where does it come from 
and what can you do with it? Come with us on an 
exploratory joumey into a realm which many sull find 
dark and mystenous... 


By our Editonal Staff 
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A lotof computer users are not familiar 
with the SCSI interface and thus do not 
appreciate it. And yet, SCSI (Small 
Computer System Interface) is one of 
the oldest interfaces in the computer 
industry. It is also charactenzed by a 
high degree of flexibility, true ‘plug- 
and-play’ capability and the fact that 
it is designed to avoid saddling the 
user with difficult configuration prob- 
lems. “Buy a SCSI device, selecta free 
device ID number, connect it to the 
SCSI bus and switch on the power”: if 
everything is in order, which is almost 
always the case, the peripheral 
device is now ready for use. Many a 
PC user would find this statement hard 
to believe, but it is certainly true. The 
SCSI interface is without doubt one of 
the most user-fnendly interfaces to be 
found in the computer word. 


History 


The history of SCSI starts in 1979, when 
Shugart, an American manufacturer of 
hard-disk drives, developed a new 
interface for its dnves and called it the 
SASI interface (for Shugart Associates 
System Interface). This newcomer to 
the world of computer interfaces 
included a number of fundamentally 
novel concepts. Such a radical 
change wasurgently needed, since at 
the time the pace of development of 
both PCs and peripheral devices was 
rapidly accelerating. The most impor- 
tant advantage of the SASI concept 
was that it decoupled the intemal 
structure of the penpheral device from 
its interface to the PC. This meant that 
it was no longer necessary to develop 
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new driver software for every new 
technical development in the penph- 
eral device. In addition, Shugart made 
SASI an open standard, which meant 
that it could be freely used by anyone 
who wanted to do so. In 1982 an ANSI 
(American National Standards Institute) 
working group started working on an 
improved version of the SASI standard, 
which resulted in the SCSI standard first 
seeing the light of day in June 1986. 
The overall structure of a SCSI system is 
shown in Figure 1. 

Since SCSI isa device-independent 
I/O bus, it has the advantage that the 
intemal structure of a SCSI device is 
totally immatenal to the computer. This 
is because the SCSI protocol hides the 
device’s intemal structure. Each piece 
of SCSI equipment presents itself as 
‘SC SI device’ consisting of a number of 
logical blocks. The driver software thus 
does not have to deal with storage 
structures such as the surfaces, heads, 
cylinders and sectors of a hard disk 
drive. But there is more: a device can 
also provide information about itself to 
the computer. This information, which 
includes the category, size and equip- 
ment class of the device, can be used 
by the software to initialize the proper 
sort of driver. In this way the drivers can 
remain device-independent. A hard- 
disk driver can in pninciple work with 
any SCSl-bus hard disk drive, without 
requinng any modifications. 


Just a little tweaking 


Unfortunately, the theory here tumed 
out to be yet again better than the 
practice. Although the developers of 
the SCSI standard did their best to 
keep the structure as transparent as 
possible, a compatibility problem 
arose due to the fact that certain 
aspects of the interface protocol were 
not fully worked out. 

Luckily, it was not too late to leam 
from the expenence and fill in the last 
gaps. The ANSI working group got 
together again and issued an exten- 
sion to the SCSI standard, called SCSI- 
2. The SCSI-2 standard specifies a set 
of 18 subcommands (the Standard 
Command Set) which allow devices to 
be driven in an unambiguous manner. 
Every manufacturer of a SCSI-2 com- 
patible device must integrate these 
subcommands in the device. The wnt- 
ing of drivers on the computer side of 
the interface is considerably simplified 
by the guaranteed availability of the 
Standard Command Set. 

The SCSI-2 standard defined a total 
of eleven device classes. In addition, it 
opened the door open for more 
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Figure 1. The overall structure of a SCSI system. It consists of three main elements: the 


adapter, the bus and the connected devices. 


demanding applications by including 
definitions for Fast SCS! and Wide SCSI. 

With the SCSI-2 standard the ulti- 
mate goal ofa fully device-indepen- 
dent software interface was fully 
realized. 


Structure 


The SCSI bus makes no distinction in 
principle between a penpheral SCSI 
device and the SCSI interface 
adapter. Instead, the terms ‘controlled 
element’ and ‘controlling element’ are 
used, where an ‘element’ can be a 
system ora device. The initiator of a 
communication process receives 
access to the SCSI bus and selects the 


target device with which it wishes to 
communicate. Once the selection 
process has been completed, the tar- 
get device takes over control of the 
communication process. In order to 
clarify how the communication 
process works, it is necessary to first 
examine the bus in more detail. 

The standard SCSI bus consists of 50 
lines, of which all odd-numbered lines 
(1,3,V,49) plus lines 20, 22, 24, 28, 30 
and 35 are tied to earth. Line 25 isnot 
used. Table 1 lists the signals and 
shows how they are assigned to the 
pins of a 50-pin connector. Nine of the 
signal lines are used for data transport 
(DBO VDB7 and DBP), and an addition- 
al nine lines are used for control sig- 





Figure 2. The quality of the SCSI cables and connectors contributes to the quality of the 
overall system. The three types of connectors shown here are used for most standard 


configurations. 
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Figure 3. The rear panels of three extemal SCSI devices (Zp and J az drives, and a CD- 
ROM player). The differences in the connectors can be clearly seen. Also note the 
switches for setting the device identifier numbers. 


nals. The TERMPWR line (pin 26) cames 
5 V DC power, which can be used to 
supply bus terminators, which will be 
descnbed shortly. 

The 8-bit-wide data bus supports 
data rates of up to 5 Mbyte/s. The 
actual data rate is strongly dependent 
on the mode used. Although in princi- 
ple only one type of signal is used on 
the bus, there are various modes avail- 
able. These modes can be classified 
in the following manners: 

single-ended versus differential sig- 

nals 





asynchronous versus synchronous 
operation 


The first two classifications (single- 
ended and differential) relate to the 
form of the signal. These two modes 
are in practice mutually exclusive. The 
single-ended mode uses TIL signal lev- 
els, while the differental mode uses 
RS-485 signal levels. The same cables 
are used for these two modes, but the 
utilization of the signal lines is different. 
The assignments listed in Table 1 refer 
to the single-ended mode. Differential 


Figure 4. A terminator must be used at the end of the SCSI cable. The photo shows 
three types of terminator. one fora Centronics connector, one fora high-density con- 


nector and a feed-through type. 
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mode is an ‘exotic’ mode which is not 
important for the average computer 
user. It is pnhmanly employed in profes- 
sional systems such as servers, since it 
allows much longercables to be used. 
In single-ended mode the total cable 
length is limited to 6 metres, but with 
differential mode it can range up to 
25 metres. Figure 2 shows a number of 
cables that can be used for connect- 
ing SCSI devices. Note that three dif- 
ferent types of connectors are com- 
monly used. 

The second two classifications 
(asynchronous and synchronous) 
relate only to differences in the hand- 
Shaking process. In asynchronous 
operation a handshake signal is 
expected in response to every 
received signal, while with synchro- 
nous transmission a complete block of 
data is transfered before a hand- 


Table 1. Signal line assignments for 
a 50-pin SCSI connector. 

i Signal Name 
2 DEO) Data Bus Line 0 
4 DB1 Data Bus Line 1 
6 DB2 Data Bus Line 2 
8 DB3 Data Bus Line 3 
10 DB4 Data Bus Line 4 
12 DB5 Data Bus Line 5 
14 DB6 Data Bus Line 6 
16 DB7 Data Bus Line 7 


18 DBP Data Bus Parity 


26 TERMPWR_ ‘Terminator Power 
32 ATN Attention 

36 Busy 

38 Acknowledge 

40 Reset 

42 Message 

44 Select 

46 Control/Data 

48 Request 

50 Input/O utp ut 





shake signal is expected in retum. For 
this reason, the amount of time lost in 
confirming the correctreception of the 
transmitted data is much less with syn- 
chronous transfers. This is reflected in 
the respective performance levels. 
Although 5 Mbytes/s can be realized 
over the bus with synchronous com- 
munication, the data rate drops to at 
most 1.5 Mbytes/s with asynchronous 
transfers. 

Asynchronous communication is 
always the default mode after a sys- 
tem reset, and all commands and sta- 
tus reports are processed in this mode. 
If a SCSI device supports synchronous 
communication and its partner device 
also proves to be capable of synchro- 
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Figure 5. This is how the terminators are used in a SCSI system. 


nous communication, then the initiator 
and target devices switch over to syn- 
chronous mode. 


Fast SCSI 
and Wide SCS 


Fast-SCSl and Wide-SCSI are both 
extensions of SCSI-2 which make signif- 
icantly higher data transfer rates possi- 
ble. 

Fast-SCSI is an optional varant of 
normal 8-bit SCSI, in which the syn- 
chronous data rate is increased from 
5 Mbytes/s to 10 Mbytes/s by reducing 
the durations of the REQ and ACK sig- 
nals. The higher data rate is only possi- 
ble if the interface adapter and at 
least one of the penpheral devices 


Table 2. A ‘well-loaded’ SC SI bus. 


supports Fast-SCSIl. Normal SCSI 
devices operate at their usual data 
rates on a Fast-SCSI bus. A disadvan- 
tage of Fast-SCSl is that the maximum 
total cable length is reduced to 
3 metres. 

Wide-SCSl increases the data trans- 
fer rate by expanding the width of the 
bus to 16 or 32 data bits. If in addition 
an improved communication protocol 
is employed on such a bus, the data 
transfer rate can reach 40 Mbytes/s. 

Obviously, different cables and 
connectors must be used for buses 
that are 16 or 32 bits wide. Both 8-bit 
and 16-bit devices can be used with 
modem 16-bit Wide-SCSI cards, inter- 
nally as well as extemally. Wide-SCSI 
allows up to 32 devices to be con- 


nected to a single bus (four times as 
many as standard SCSI). 


Identification 


When more than one device can be 
connected to a single bus, there must 
be some system allowing each device 
to be identified. For this reason, each 
device connected to a SCSI bus must 
be assigned a unique identifier num- 
ber On an 8-bit SCSI bus, identifier 
numbers can be assigned to up to 8 
devices (including the bus adapter). 
For this reason, each device can be 
configured with an identifier number 
ranging from 0 through 7. Since num- 
ber 7 has the highest pnonty, it is usu- 
ally assigned to the adapter or host 


Product 

FilmScan 200 

SC ANNER GF5000 
CD-ROM XM-3801TA 
FIREBALL ST3.2S 
CDD2600 

jaz1GB 

ZIP 100 


Vendor 
EPSON 
EPSON 

TO SHIBA 
QUANTUM 
PHILIPS 
iomega 
IOMEGA 


Device Type 

Processor 

Processor 

Read-Only 

Direct Access 

Read-Only 

Direct Access 

Direct Access 

Host Powertec SCSI Expansion 


Capacity 
Unknown 
Unknown 
Unknown 
3090 MBytes 
Unknown 
1021 MBytes 
96 MBytes 


0 
1 
2 
3 
4 
5 
6 
7 
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Figure 6. Proper termination is critically important Two types of terminators can be used: 
passive (left) and active (nght). The illustrated terminators are only suitable for systems 


with single-ended signals. 


system. Table 2 shows the configura- 
tion of a ‘well-packed’ SCSI bus. Itcan 
clearly be seen that each penpheral 
device can send a lot of information 
about itself and its origin to the host 
system. 

The selection of an identifier num- 
beris very simple, due to the presence 
of special switches on the rear panels 
of SCSI devices. Figure 3 shows vanous 
manners in which the identification 
number selector switch can be imple- 
mented on the rear panel. For inter- 
nally mounted devices the identifier 
number is selected by positioning a 
combination of jumpers. If the same 
identifier number is assigned to two 
devices a conflict will occur and in 
most cases both devices will be ren- 
dered inaccessible. 


Termination — 
the key to success 


Termination of the SCSI bus deserves 
just as much attention as the selection 
of the identifier numbers. If the SCSI 
bus is not propeny terminated ateach 
end, it is unusable. The photograph of 
Figure 4 shows three different types of 
terminator The pass-through type is 
rarely used. The most basic type of ter- 
minator consists of a simple resistor 
network which guarantees that each 
line of the bus always has a well- 
defined signal level. 

If the SCSI adapter takes the form of 
a plug-in card, then as a rule it has 
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both an intemal and an extemal SCSI 
bus connector The penpheral devices 
located outside of the computer are 
connected via the extemal bus con- 
nector, and the intemal connector is 
naturally used to connect any devices 
which are mounted inside the com- 
puter enclosure. If either one of these 
buses Is not used, it must be terminat- 
ed atthe adapter For the intemal bus 
this is done by means of simple resistor 
arrays. Figure 5 illustrates where the 
termination resistors must be installed. 
Intemal terminators are nomally locat 
ed on the SCSI card. 


Active and passive 


A SCSI bus is a digital bus that cames 
signal frequencies ranging up to sev- 
eral megahertz. If eitherend of the bus 
(that is, either end of the cable) is not 
properly terminated, undesired signal 
reflections will occur These reflections 
will cause comuption of the data and 
incorrect operation. In the worst case it 
will not be possible to send any data 
atall via the bus. 

Figure 6 shows the construction ofa 
passive and an active terminator A 
passive terminator contains a resistor 
network which hasa pair of resistors for 
each signal line, consisting of a 220-Q 
resistor and a 330-Q resistor Each 
resistor pair holds its associated signal 
line at a potential of 3 V, so that its 
state is well defined even during bus 
phases when it is not actively being 


used. The passive terminator is the 
least expensive and most commonly 
used type of terminator, and it is ade- 
quate in almost all cases. 

The active terminator is an altema- 
tive to the passive terminator. It con- 
tains a constant-voltage source and a 
seres resistor for each signal line. 
Compared to the passive terminator, 
the active terminator has the advan- 
tage that the voltage levels on the 
individual data lines are independent 
of the loads placed on these lines. In 
addition, an active terminator places 
a smaller capacitive load on the bus 
lines, which is primarily important for 
Fast SC SI. Figure 6 shows the schemat- 
ic diagram of an active terminator. 
According to the SCSI standard, pas- 
sive and active terminators may be 
used in combination on a single bus, 
so that it is possible to have a passive 
terminator at one end of the bus and 
an active terminator at the other end. 
For the user this is an ideal situation, 
since he or she does not have to be 
concemed about what type of temi- 
nator to use. 

Active terminators are always to be 
preferred if the bus is loaded by many 
devices, and/or the extemal cables 
are relatively long. The edge steep- 
ness of the bus signals is considerably 
improved when active terminators are 
used. 


Plug and play 


A SCSI device is connected by means 
of a SCSI interface. This interface com- 
municates with the SCSI bus on the 
one side and with the device on the 
other side. With intemally mounted 
equipment, such as CD-ROM dnves 
and hard-disk drives, the SCSI inter- 
face can be recognized by the pres- 
ence of a 50-pin connector for a flat 
cable. If the equipment is housed in 
an enclosure, then the SCSI connec- 
tion can take the fom of a standard 
D25 connector, a 50-way Centronics 
connector or a high-density connec- 
tor Yet other vanations are found with 
‘professional’ equipment, which uses 
32-bit-wide busses in addition to 8-bit 
and 16-bit buses. In ordinary PCs for 
the consumer market we will never 
encounter these more exotic vanants. 
Regardless of the type of connector 
used, there is one common factor for 
all SCSI connections: they must be 
constructed from reliable cable mate- 
nal. Of course, the proper termination 
of the bus is also an absolute prereq- 
uisite for success, but you already 
know that. 

(982034-1) 


—— PC Topics 


Modem PCs are fortunately much quieter than the 
models of a few years ago. Better enclosures, quieter 
fans and temperature-regulated fans, together with 
better sound deadening measures, have resulted in 
PCs which are so quiet that they barely disturb the 
silence of the average office or hobby room. Howev- 
er, even oldermodel PCs can be made significantly 
quieter by means of a few judicious modifications, so 
that they no longer remind one of a vacuum clean- 
er Want to know more? Then read on. 


a noisy PC 


(and what you can do about it) 





The modem PC is not only faster than 
its predecessors, itis also generally less 
likely to catch your attention. 

A few years ago, the hard disk drive 
was usually the noisiest part of the PC, 
closely followed by the power supply 
fan. With these items you right away 
have the two main rowdies in the PC. 
The mere fact that a PC is noisy does 
not mean that you must replace it with 
a new one. In many cases tt is still very 
well suited to the tasks for which it is 
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most often used, such as wrting letters. 
Such an old beast can be made 
quieter by means of a few inexpensive 
and relatively simple measures, as you 
will see. Naturally there’s a bit of elec- 
tronics in the solution, since otherwise 
you wouldn't be reading this in Elektor 
Electronics — but it is not essential! 


Mufflers 


Quite a bitcan be accomplished with 





the help of a bit of sound-muffling 
matenal. Let’s start with the enclosure. 
The side panels of certain tower-model 
PCs which we have in our offices (yes, 
even new models) started to vibrate 
quite noticeably after we mounted 
high-speed CD-ROM drives. The high 
rotational soeeds of such drives pro- 
duce a lot of resonances, which prin- 
cipally cause the side panels of the 
enclosure to vibrate. Firmly tightening 
the CD-ROM drives in place does not 
help. The best solution is to attach a 
few pieces of self-adhesive bituminous 
lead sheet to the side panels, in order 
to increase their mechanical inertia 
and deaden the vibrations. Bituminous 
lead sheet is available from automo- 
tive-parts suppliers (often under the 
name ‘muffling sheet’ or ‘anti-rumble 
sheet’) and DIY loudspeaker shops. A 
piece of bituminous lead sheet rough- 
ly 10 cm square, attached to the mid- 
dle of the panel, is usually sufficient 
(see Figure 1). By the way, this trick is 
also used by manufacturers of audio 
CD players, primarily to deaden vibra- 
tions in the top cover. 

The second culprit, the hard-disk 
drive, is more difficult to deal with. You 
can of course replace it with a new 
model, since the current generation of 
drives (with the exception of the very 
latest models running at 10,000 rpm) is 
especially quiet, with an average 
sound level of roughly 40 dBA. 

It is not possible to pack a hard-disk 
drive in sound deadening material, 
since it must dissipate a certain 
amount of heat. A modem drive dissi- 
pates between 5 and 10 watts, but 
older models dissipate quite a bit 
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more than this. These drives become 
rather warm in operation, which 
means that there must be adequate 
airflow past the drive. The only remedy 
with such a drive is to mount it on a 
separate frame which is acoustically 
decoupled from the PC enclosure 
(remember the ‘floating’ platform of 
the old-fashioned gramophone). The 
specific manner in which this is done 
depends heavily on the amount of 
space available inside the enclosure. 
With a ‘midi tower’ or ‘big tower’ enclo- 
sure, the hard-disk drive can be 
placed atthe bottom, in the mounting 
bay for removable drives, with a few 
rubber blocks undemeath it and on 
either side of it. Be careful when mov- 
ing the PC afterwards, and take care 
that the drive always has enough ven- 
tilation - otherwise it will be sure to die 
young. 


Fans 


There are usually one or two fans in a 
computer enclosure: the first one in 
the power supply and the other one 
on the processor. The latter fan is only 
present if the processor is a Pentium 
type or one of the fast 486 versions. It 
often happens that the processor fan 
starts to rattle after it has been in ser- 
vice for some time, due to wom-out 
bearings. The only remedy is to 
replace the combination of the heat 
sink and fan with a new set. If a suit- 





Figure 1. Vibration of a side panel or cover of a PC enclosure can be prevented by 
sticking a piece of self-adhesive bituminous lead sheet to the inner surface. 


able replacement assembly (for a 
486, for example) is no longer avail- 
able from your supplier, see whether it 
is possible to dismount the fan and 
replace it with a fan removed from a 


different heat sink. If possible, buy a 
fan with ball bearings, since it will usu- 
ally last longer than a less-expensive 
type with bushings. However, ball 
bearings do not necessarily guaran- 


Figure 2. A rubber ring mounted between the fan and the enclosure can significantly reduce the amount of vibration which is coupled 


from the fan to the enclosure. 
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Figure 3. The schematic diagram of the fan regulator Only three transistors and a few 


passive components are required. 


tee that the fan will be quiet — the 
ball-bearing CPU fan in a brand-new 
PC in our office decided to let itself go 
and started buzzing like a blowfly after 
only a week of use. It seems like there’s 
no substitute fora bit of luck... 

The large fan in the power supply is 
almost always thermally regulated in 
modem PCs. A sensor in the power 
supply measures the supply’s intemal 
temperature and controls the speed of 
the fan accordingly. In oldermodel 
PCs the power supply fan always runs 
at full speed. 
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(C) Segment 


Figure 4. If you set store by neatness, you 
can etch your own circuit board from this 
layout (board not available ready- 
made). 
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The simplest way to reduce the 
amount of noise produced by this fan 
is to mechanically decouple it from 
the enclosure, by means of a ring of 
soft rubber or some similar material. 
First see if you can find a piece of suit- 
able materal which isaboutas big as 
the fan, either around the house or in 
a hobby shop. Then dismount the fan 
so that you can use itasa pattem for 
cutting a rubber isolator ring to size 
(see Figure 2). Remount the fan using 
suitable screws, with the rubber ring 
between the fan and the enclosure. 

If you want to go further, you can 
also add temperature regulation for 
the fan. The easiest way to do this is to 
replace the existing fan with a new 
model with a built-in thermal regulator. 
The line of fans manufactured by Pa pst 
includes models with a separately 
available temperature sensor Such 
fans can truly be asquietasa whisper. 

If you don't mind a bit of extra work, 
you can also provide a temperature- 


COMPONENTS LIST 


Resistors: 

R= Kivi 

R2 = 9kQ (2x18kQ in parallel) 
R3 = 10kQ 

R4 = 39kQ 

R5,R7 = 3kQ9 

R6 = 1kQ 


Capacitor: 
C1 = 470uF 10V 


Semiconductors: 
T1,T2 = BC547B 
T3 = BD140 








regulated control for an existing fan. 
This can be easily constructed using 
only a few components. 


Fan regulator 


Figure 3 shows the schematic dia- 
gram of a simple fan regulator. This is 
based on a Circuit published several 
years ago in one of our Summer Cir- 
Cuits issues. 

The objective is to make the speed 
of the fan depend on the amount of 
heat produced by the power supply. 
The circuit board of a switching-type 
power supply is normally housed 
together with the fan in a separate 
enclosure. The power semiconductors 
on the circuit board have thick heat 
sinks, and these are the components 
that usually produce the most heat. 
Your best bet is thus to measure the 
temperature of the air stream which 
flows from the heat sinks to the outside 
of the enclosure. In this way the tem- 
perature of the heat sinks will deter- 
mine how fast the fan rotates. 

The circuit we have in mind consists 
of three ordinary transistors and a few 
passive components. The regulator is 
powered from the -12 V supply volt- 
age which is provided for the fan, and 
the fan is connected to the output of 
the regulator. 

If you examine the schematic, you 
will see that the heart of the circuit 
consists of a differential stage formed 
by Tl and T2. The base of T2 is held at 
a fixed voltage by the voltage divider 
R3/R4. Tl is driven by a variable volt- 
age divider formed by a PIC resistor 
(R1) and the resistor R2. The voltage at 
the base of Tl thus depends on the 
temperature, since the resistance of 
the PTC rises with increasing tempera- 
ture. The electrolytic capacitor Cl 
acts to prevent the base voltage from 
responding too quickly to small, short- 
term temperature vanations. In addi- 
tion, C1 causes a high voltage to be 
applied to the fan fora shorttime after 
the PC is first switched on, so that it 
starts up propery. 

Transistors TL and T2 have a com- 
mon emitter resistor, so that the differ- 
ence between their base voltages 
determines which of the two transistors 
conducts more current. The collector 
of T2 controls the driver transistor T3, 
which in tum determines the voltage 
applied to the fan. If the temperature 
increases then the resistance of the 
PTC also increases, and the voltage at 
the base of Tl decreases. T2 then con- 
ducts more, which causes T3 to be 
tumed on harder, so that the fan runs 
faster. 


—— PC Topics 


Resistor pair R6/R7 connected in 
parallel with T3 provides a fixed mini- 
mum drive level to T3, so that the volt- 
age applied to the fan is never less 
than roughly 7 V. This prevents the fan 
from stopping at low temperatures. 


Fine tuning 


A small printed circuit board (see Fig- 
ure 4) has been designed for the fan 
regulator circuit, but you can of 
course also mount the necessary com- 
ponents on a small piece of perf- 
board, veroboard or stripboard. 
Constructing the regulator should cer- 
tainly not present any difficulties. How- 
ever, before you go ahead and build it 
into your PC, we would first like to 
acquaint you with the various ‘fine tun- 
ing’ possibilities of the circuit. This is 
because the exact component values 
are strongly dependent on the actual 
fan used. Temporarily connect the cir- 
cuit to a separate 12-V supply and 
connect the fan to its output. When the 
Circuit is switched on, the fan must first 
run at high speed fora short time and 
then drop down to a low speed. At the 
low speed, the fan should rotate fast 
enough to ensure that it runs propenly, 
but not faster than is necessary. This 
can be achieved by adjusting the 
value of R7 with the circuit at room tem- 
perature. Once this has been done, 
replace R2 by a 25-kQ vanable resistor, 
switch the power on again and heat 
the sensor to a temperature of 35 to 
40 °C. The speed of the fan should 
increase to nearly its maximum rated 
value. This can be set by adjusting the 
variable resistor, Once you have found 
a good adjustment, measure the value 
of the variable resistor and mount a 
resistor with this value in place of R2. 


Mounting in the PC 


After you have finished tuning the cir- 
cuit to match the fan, you can mount 
itin the PC. The circuit board can be 
attached to one of the sides of the 
power supply housing such that the 
PTC sensor is located between the 
fan and the heat dissipators of the 
power supply circuit board (itmay be 
necessary to attach it to the circuit 
board via a short pair of insulated 
solid copper wires.) To be on the safe 
side, keep everything well away from 
the mains side of the power supply 
(and bear in mind that the heat sinks 
may be under tension!). Connect the 
supply terminals of the regulator 
board to the 12 V fan supply con- 
nector on the power supply circuit 
board, and connect the fan to the 


output of the regulator board. 
Figure 5 shows how we mounted 
the regulator on the power supply ofa 


old PC. At least this unit will cause a lot 
less Commotion from now on! 
(982001-1) 





Figure 5. Here you can see how the regulator circuit can be built into a PC 








The preamplifier 
described is a push- 
pull tyoe based ona 

pair of inexpensive 
JFETs. With a few 
changes to the circuit, 
coverage may be 
extended downwards 
to VLF and LF, or 
upwards to 30 MHz 
and even VHF 

(150 MHz). 


While many designs of broadband 
amplifiers cover -3 dB frequency 
response limits of 3 to 30 MHz, or 1 to 
30 MHz, the VLE LF or even the AM 
broadcast band (BCB, 540 to 
1700 kHz) is rarely covered. The pre- 
amplifier discussed here does, offer- 
ing a relatively high dynamic range 
and third-order intercept point, fea- 
tures which AM BCB Dxers will value 
highly because of the bone-crunching 
signal levels put on the air by local 
AM BCB transmitters. One of the 
problems of AM BCB is that those 
sought-after DX stations tend to be 
buried under multi-kilowatt local sta- 
tions on adjacent channels. 

The present amplifier achieves a 
decade (10:1) response (250 kHz to 
2,900 kHz). It retains the 50-Q input 
and output impedances that are stan- 
dard in RF systems and is is easily 
modifiable to cover other frequency 
ranges up to 30 MHz. 

As you will soon discover, a good 
directional antanna is a must for seri- 
ous LW and MW DX-ing. Some 
sggested antenna designs are given 
reference (D. 


Design by Joseph J. Carr 





Broadband 
preamplifier 











For LW and MW DX-ing 





A PUSH-PULL 
AMPLIFIER 
The basic concept of a push-pull ampli- 
fier is illustrated in Figure 1. Two iden- 
tical amplifiers, Al and A2, each 
amplify one half-cycle of the input 
sinewave signal. At the input, phase 
splitting is achieved with the aid of a 
transformer whose secondary winding 
has a grounded centre tap (CT). At the 
output, a similar, but reverse-con- 
nected, transformer is used to recom- 
bine the signal components. Here, the 
centre tap is on the primary winding, 
and used to feed in the supply voltage. 
The push-pull amplifier being bal- 
anced, it has a very interesting prop- 
erty: even-order harmonics are can- 
celled in the output, so the output sig- 
nal will be cleaner than for a 
single-ended (unbalanced or asym- 
metrical) amplifier using the same 
active amplifier devices. 


PRACTICAL CIRCUIT 
The actual RF circuit is shown in Fig- 
ure 2; it is derived from a similar circuit 


found in Doug DeMaw’s excellent 
book W1FB’s QRP Notebook (2). The 


active amplifier devices, T1 and T2, are 
type BF256B JFET; that are intended for 
service up to VHE The choice of JFET 
is not particularly critical — the author 
originally used the NTE-451, but the 
general-purpose MPF102, or a rarer 
bird like the 2N4416, should also work. 

The JFETS sit between a pair of similar, 
back-to-back connected transformers, 
Tr1 and Tr2. The source bias resistor for 
the JFETs, R1, and its associated decou- 
pling capacitor, C1, are connected to the 
centre tap on the secondary winding, B- 
C, of input transformer Trl. Similarly, 
the positive supply voltage (approx. 9 V) 
is applied through a limiting resistor, R2, 
to the centre tap on the primary of the 
output transformer, Tr2. High and low 
frequency supply decoupling is ensured 
by C3 and C2 respectively. None the 
less, the amplifier should be powered by 
a reasonably stable and filtered 9-V sup- 
ply. Current consumption will be of the 
order of a few tens of mA. 


POPULATING THE 
BOARD 

The PCB shown in Figure 3 is unfortu- 
nately not available ready-made. Pop- 


This article is based on circuit diagram no. 7-12 in the book Secrets of RF Circuit Design by Joseph 
J. Carr, published by TAB Books (McGraw-Hill), ISBN 0-07-011673-3 (pbk), 0-07-011672-5 (hc). 
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ulating the board should not present 
problems as only a handful of normal- 
sized components are involved. The 
construction of the transformers is dis- 
cussed below. It is advisable to house 
the preamp in a metal case. In some 
cases, particularly at HF and VHF (see 
further on) a screen may be required 
between the input and the output so 
that they can not ‘see’ each other. In 
this way, you prevent oscillation or 
other instability. 


BUILDING THE 
TRANSFORMERS 

In the case of this project, the key to 
success is a pair of carefully wound 
transformers. By comparison, the con- 
struction of the rest of the amplifier is 
far less critical, as long as all connec- 
tions are kept as short as possible. 

The cores used are binocular (‘two- 
hole’ or ‘pig’s snout’) ferrite beads type 
BN-43-202 from Amidon Associates (3), 
or beads made from 4C6 material 
(Philips Components). 

Each transformer contains three 
windings. In each case, the ‘B’ and ‘C’ 
windings are 12 turns of 0.3-mm 
(SWG30; AWG30) enamelled copper 
wire wound in a bifilar manner. The 
coupling link on each transformer is 
winding ‘A’. On the input transformer, 
Tr1, ‘A’ consists of 4 turns of 0.15-mm 
(SWG38 or AWG36) lacquered copper 
wire (CuL), while on Tr2 it consists of 
two turns of the same wire. The pri/sec 
ratios of the transformers (1:9 for Tr1 
and 36:1 for Tr2) match the source and 
drain impedances to 50 Q input and 
output impedance. For clarity’s sake, 
the winding and connection reference 
letters and numbers at the output of 
the amplifier are shown in Figure 4a. 
The other drawing, Figure 4b, is for 
those of you who are interested in 
higher frequencies, say, up to 30 MHz 
or perhaps even VHE when a ferrite 
(or iron-powder) ring core is used. 
More about this further on. 

First, let’s agree on what a ‘turn’ is. 
Look at Figure 5, which shows what 
we mean by one turn on a ferrite binoc- 
ular core (left-hand drawing) and two 
turns (right-hand drawing). 

Start with the coupling winding, A, 
on the input transformer, Tr1. Strip, 
scrape or burn the lacquer for about 
5 mm from one end, and tin it with sol- 
der. Pass the wire through one of the 
holes of the core, across the barrier 
between the two holes, and then back 
through the other hole. This ‘U’ 
shaped turn counts as one turn. To 
make transformer Tr1, pass the wire 
through the holes three more times, to 
make four turns. The wire end should 
be back at the same core side as the 
start. Cut the wire to allow a short 
length to connect to the PCB. Remove 
the lacquer coating from this free end, 
and tin the exposed part. Now label 
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these two ends ‘AT’ and 
‘A2’ using small pieces 
of paper. The primary 
of Trl is now com- 


Figure 1. Basic opera- 


tion of a push-pull 
amplifier. Thanks to 
the balanced opera- 
tion, even-order har- 


monics are cancelled 





v 
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Keep twisting until you 
obtain a pitch of about 
3 to 5 turns per cm. 

To start the sec- 
ondary winding, 


pleted. 
The secondary 
windings, B-C, are 


wound together in the 
bifilar manner, and consist of 12 turns 
each of 0.3-mm lacquered wire. First, 
twist the two wires together using an 
electric drill with speed control. Take 
two pieces of wire, each approximately 
85 cm long, join the 
ends together and 
chuck them up in an 
electric drill. The other 
ends of the wire are 
also joined, and 
anchored in a bench 
vise. Back off and pull 
the wire taut. Turning 
the drill (careful, the 
wire may break and 
whip around the drill 
chuck), causes the two 


wires to twist together. 
150 MHz). 


K1 





out at the output. 


Figure 2. Circuit dia- 
gram of the broad- 
band preamplifier. 
Provided you pay 
attention to the design 
and construction of 
the transformers 
(using this month’s 
Datasheets), the pre- 
amp can be modified 
for operation at VLF 
(down to 10 kHz or 
less) or VHF (up to 


remove the insulation 
of both wires at one 
end of the twisted pair, 
and tin the exposed parts. Label one 
free wire end ‘BI’, the other, ‘C1’. Pass 
the wire through the hole of the core 
opposite ‘Al’, and wind 12 turns. Cut 
the twisted pair wires off to leave 
about 1 cm free. Tin the 
ends as before. 
Connecting the free 
ends of the twisted 
wire requires an ohm- 
meter or continuity 
tester to see which wire 
goes where. Identify 
the end that belongs 
with ‘BT’, and label it 
‘B2’. The other pair is 
‘C1-C2’. ‘CT is con- 
nected to ‘B2’ to make 


O 1N4001 


the centre tap. 
R2 
270 
c5 {ca c2 |c3 
| i 


10u [63v |100n 10u fesv Freon 


TR1, TR2 = BN-43-202 Amidon; 


4C6 Philips 


D TR1 


A2 


B1 A2 






BF256B 


BF256B 
A1 


T2 979012 - 11 
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Figure 3. Printed cir- 


Transformer Tr2 is | cuit board artwork has not been tested in 
made just like Trl, but (board not available practice. 
with only two turnson | ready-made). Alternatively, select 


the coupling winding, 
rather than four. 

Before removing the labels and 
mounting the transformers onto the 
PCB, subject them to a final, thorough, 
wire-for-wire check using your ohm- 
meter. 


MODIFYING FOR 
HIGHER AND LOWER 
FREQUENCIES 

A variation is to build the preamplifier 
for the shortwave bands (up to 
30 MHz). This can be accomplished 
easily enough. First, reduce C1 to 
100 nE Second, build the transformers 
on a toroid (ring) core rather than a 
binocular one. In Dough DeMaw’s 
original design (op-cit.) a type FT-37-43 
ferrite ring core was 
used with the same 
12:12:2 and 12:12:4 turns 
ratios. Winding lac- 
quered wire on a ferrite 
ring core is not difficult 
— see Figure 4b. Cores 
made from 4C6 material 


Figure 4. Naming the 
wire ends of the pri- 
mary and secondary 
windings (a), and 
using a toroid core to 
make the transformers 


a powdered-iron core, 

such as the Amidon T- 

50-2 (red) or T-50-6 (yellow). About 
20 turns will be needed for the ‘A wind- 
ing on Tr2, and seven turns for the ‘A 
winding on Trl. You may want to 
experiment with other core types and 
turns counts to optimise for the specific 
section of the shortwave spectrum you 
wish to cover. A tip: use Amidon’s con- 
densed design information on toroid 
cores found on this month’s Datasheets. 
The third variation is to make the 
amplifier cover much lower frequen- 
cies (e.g., well down into the VLF 
region). The principal changes needed 
are the cores for Trl and Tr2, the num- 
ber of turns of wire needed, and the 
capacitors. The type 43 core (from Ami- 
don) will work down 
to 10 kHz or so, but 
requires a lot more 
turns to work effi- 
ciently in that region. 
The type 73 material, 
which is found in the 
BN-73-202 core, will 


(from Philips) should 
also be suitable for use 
above 50 MHz, but this 
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if you want to use the 
preamp for VHF (b). 
On a toroid core, too, 
the bifilar winding 
technique is used. 


TR2 

1 | 42 
I 

I 

I 

I 

I 

I 

I 

I 
lly, 
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provide an Az, value of 
8,500, as opposed to 
‘just’ 2,890 for the BN- 


3 


COMPONENTS LIST 


Resistors: 
R1, R2 = 27Q 


Capacitors: 

C1 = 1uF solid MKT 
C2,C5 = 10uF 63V radial 
C3, C4 = 100nF 


Semiconductors: 

D1 = 1N4001 

T1,T2 = BF256B (see text for alterna- 
tives) 


Miscellaneous: 

K1 = mains adaptor socket, PCB 
mount 

Tr1,Tr2 = Binocular core, Amidon 
type BN-43-202, or Philips core 
made from type 4C6 material (see 
text). 

Windings: 

Tr1A = 4 turns 0.15 mm CuL wire 
(SWG38/AWG36) 

TR1B = 12 turns 0.3 mm CuL wire 
(SWG/AWG30) 

TR1C = 12 turns 0.3 mm CuL wire 
(SWG/AWG30) 

Tr2A = 2 turns 0.15 mm CuL wire 
(SWG38/AWG36) 

TR2B = 12 turns 0.3 mm CuL wire 
(SWG/AWG30) 

TR2C = 12 turns 0.3 mm CuL wire 
(SWG/AWG30) 





43-202 device. Doubling the number of 

turns in each winding is a good start- 

ing point for amplifiers below 200 kHz. 

The type 73 core works down to 1 kHz, 

so with a reasonable number of turns 

should work in the 20 to 100 Hz range 
as well. 
(979012-1) 

References: 

1. Small loop antennas for MW AM BCB, LF 
and VHF reception, Elektor Electronics 
June and July/August 1994. 

2. Published by the ARRL, 225 Main Street, 
Newington, CT 06111, USA. Internet: 
www.arrl.org. 

3. Amidon Associates, 2216 East Gladwick, 
Dominguez Hills, CA 90220, USA. Inter- 
net: www.amidoncorp.com. 


Figure 5. One turn 
(left) and two turns 
(right) on a binocular 
core. 
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M onitor/TV 
refresh rate meter 








obviates eye strain 








The field frequency of a computer monitor or TV 
screen is a compromise between the require- 
ment for as many horizontal lines as possible 
and the avoidance of flicker. Such brightness, 
luminance or colour fluctuations if fewer than 

25-30 per second may cause eye strain and 
headache. Itis often possible to increase the field 
frequency and so prevent such discomforts. The 
meter described in this article enables the field 
frequency to be determined. 


The number of complete pictures per 
second on a monitor or television 
screen is the frame frequency, which is 
half the number of rasters per second, 
that is. half the field frequency. Euro- 
pean television uses a field frequency 
of 50 Hz, and American televison one 
of 60Hz (these frequencies are the 
same as those of the mains supply or, in 
the US, the household AC supply). 
Since the consequent frame frequency 
of 25 Hz and 30 HZ respectively is low, 
most broadcast television companies 


* Definition is a measure of the resolution of the 


system which in turn depends on the number of 
lines per frame. 


Visit our Web site at http://ourworld.compuserve.com/homepages/elektor_uk 


5V (+) 
1 | G) sv sv) 
IC2c 5V c6 
(16) c8 (16) c9 r š 
eLel |. a 
(8) 100n (8) 100n P41 
=4@ y 
i á 
SFH309 —0 25k 


Eo 


Oja NIINON yoa jO pO 
o 


CTRDIV10/ 0 
DEC 


CTRDIV10/ 
44 VSYNC DEC 


43 HSYNC 


R4 


LCD MODULE 


O 
a 
O 
A 


Nn On f& WN | O 





1 
2 
3 
4 
5 
6 
7 
8 
9 
>5 FP 





IC6 
T3 X1 
D1 L1 * 78L05 5V IC2e 32.768 kHz IC2d ; P 
9 » © 11 N10 c: 9 N8 C1 
1N4148 žl me HI = 
IRFD 22p rou Trev 
9120 
K1 = AS S z 
i k HE ‘eh ‘eh 
5y  IC1 = 74HC04 
1 
-| O 
A ks ® 
9V 7EAN þa IRFD9120 aD la G8 les 
ah BC A * zie tekst = IC2 IC3 
D2 547 * voir texte D (7) 100n (8) 100n 
* see text 
1N4148 * siehe Text G 
U-© 980040 - 11 


Figure 1. Circuit dia- 
gram of the refresh 
rate meter. Measure- 
ments may be taken 
via an electronic eye 
or via an electrical 


use a system of inter- 
laced scanning. In this 
system, the lines of suc 
cessive rasters are not 


modern displays use a 
frame frequency well in 
excess of 100 Hz (at the 
time of writing - early 


of the display and it will indicate the 
frame frequency used. It may also be 
connected to the video output (or VGA 
output) when it will indicate the line 


superimposed on each | link. 1998 - a frequently frequency and the field frequency. 
other, but are inter- encountered value is The circuit is based on IC}, an 
laced. 132 Hz). Modern video enhanced RISC processor from Atmel’s 


In the past, considering the avail- 
able bandwidth and the then current 
technology, a frame frequency of 25 Hz 
(or 30Hz) was a reasonable value. 
However, many people can discern 
fluctuations of 25 per second and they, 
therefore, experienced eye strain or 
headache when watching television or 
an old computer monitor. 

Manufacturers of television sets 
have solved this problem by increasing 
the frame frequency to 100 Hz with the 
aid of a digital buffer memory. The 
result is a stable picture. The solution 
had to be incorporated in the television 
receiver because the transmission stan- 
dard cannot be altered. 

The situation was even worse in 
computer monitors, since users spend 
many hours a day in dose proximity of 
the screen. Moreover, the definition* of 
a monitor is much better than that of a 
television receiver. This means that the 
frame frequency (sometimes called 
refresh rate) of a monitor needs to be 
much higher than in a television 
receivert, Whereas in early monitors, 


cards can produce such high-value 
frame frequencies with a bandwidth of 
250MHz. These values ensure an 
absolutely stable display. 


CIRCUIT DESCRIPTION 
The meter, whose circuit diagram is 
shown in Figure 1, is highly suitable for 
quickly monitoring the frame fre- 
quency of acomputer monitor. All that 
needs to be is to hold the unit in front 


On the CD-ROM 


This project is one of the many contained on 
the CD-ROM ‘uP-uC Hard&Software 97-98’. 
This CD-ROM contains more than 100 pro- 
jects resulting from the design competition in 
our J uly/August 1997 issue. On the disk can 
be found all kinds of background information, 
including source codes of several projects, 
including the present one. If you wish to pro- 
gram the processor yourself, this CD-ROM is 
a must. See the Readers Services section 


AVR family (see data sheets in our Jan- 
uary 1998 issue). The device makes 
available 15 I/O lines, 1 Kbyte flash 
memory, and 64 bytes EEPROM. It has 
a number of other facilities as well, 
such as an 8-bit timer and a watchdog. 
Its internal structure is shown in Fig- 
ure 2. 

This article is not the place to givea 
detailed analysis of the operation of the 
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Figure 2. Block dia- 


processor, so the 
description is restricted 
to the functions it ful- 
fils in the present 
meter. 

When the processor 
is clocked at 12 MHz, it achieves an 
operating speed of 12 MIPS (million 
instructions per second), which is far 
more than required for the meter. Con- 
sequently, a clock frequency is used 
that makes simple timing possible. 
Crystal Xj is a readily available compo- 
nent with a fundamental frequency of 
32,768 KH z. It is used extensively in the 
watch and clock industry, since its fre- 
quency isa multiple of 2 (2%). This sim- 
plifies the derivation of a signal of 
LHz. 

An additional benefit of a low-fre- 
quency crystal is its low current drain. 


case. 


gram of the enhanced 
RISC processor, which 
is housed in a DIL20 


The oscillator is 
designed around two 
separate inverters to 
ensure stable operation 
of the crystal. The clock 
Signal is applied to pin 5 
of IC; via buffer 1 C5. 

The B ports of IC; (pins 12-19), 
which contain the signals for driving 
the liquid-crystal display (LCD), are 
linked to connector K3. 

The control signals for the LC dis- 
play, RS, R/w and e, are available at the 
ports PDo, PD, and PD}. 

The external interrupt input, PD», is 
used for monitoring external signals. 
Which signal depends on multiplexer 
IC3 It isthe output of the electronic eye, 
Tə, the horizontal synchronization sig- 
nal (reduced to 1/100th via IC, and 
ICs), or the vertical synchronization 


Experimentation 


The software for the processor was developed with a program that can be 
downloaded from the Internet: htto://www.atmel.com 

At this site will be found an assembler, a debugger and software for the devel- 
opment board. The processor is programmed with the aid of a serial pro- 
grammable interface (SPI). In short, all requisite software is available free via 
the Internet. The processor may be programmed with the ‘Handyman’ pub- 


signal. The multiplexer is controlled as 
appropriate via ports PD, and PDs. 

Network Rj-Cy-IC>,-lCa, provides 
a reset pulse when the supply is 
Switched on. 

The electronic eye consists of T> and 
digital buffer 1C>.. 

The power supply is slightly more 
elaborate than usual since it is pro- 
vided with an electronic on/off switch. 
This automatically switches off the 
supply when the meter has not 
received any input signal for 30 sec- 
onds. 

The direct voltage output of the 
mains adaptor is applied to capacitor 
C3 via transistor T3. Whether this tran- 
sistor is on or not depends on the 
potential at its gate. When S} is 
pressed, the gate becomes negative 
with respect to the source and the tran- 
sistor comes on. The meter is then actu- 
ated. Shortly afterwards, IC; enables T4 
via port PDg, so that, even when S; is 
released, the supply remains on. When 
port PDgis made low, the meter 
Switches itself off again. 


CONSTRUCTION 

The meter is conveniently built on the 
single-sided printed-circuit board in 
Figure 3. 

The on/off switch, S4, and the eec- 
tronic eye, Tə must be fitted on the 
enclosure of the meter. All other com- 
ponents are soldered on to the PCB. 
Mind the polarity of T3. 

The inductor, Lj, is easily made. It 
consists of two turns of 0.3 mm enam- 
elled copper wire around a small fer- 
rite bead. 

Connector K» should be fastened to 
the mother board with screws, nuts 
and washers before any of its pins are 
soldered. 

There are various ways of linking 
the motherboard to the LCD board. 
Ribbon cable is best if a permanent link 
is wanted. On the prototype, a single 
row IC socket with wire wrap pins is 
used. The LCD has asingle row of pins 
that protrude from the board at two 
sides. Provided everything is measured 
accurately, this type of link is easily 
uncoupled. 

The display board must be fitted to 
the mother board on four 10 mm spac- 
ers. The prototype construction is 
shown in Figure 4. 

When all construction work is com- 
pleted, connect a 9V battery to the 
meter and press S4. The display will 
then read ‘searching ...’ with under- 
neath it ‘Hz’. When a measurement 
value has been established, the display 
reads ‘Refresh Rate’. If the display 
remains grey, it is possible that the con- 
trast has not been adjusted correctly. 
Turn P- until some text appears on the 
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Parts list 

Resistors: 

Ry = 10 kQ 

Rə = IMQ 

R3 = 100 kQ 

Rg, Rs = 47 kQ 

Re, R7 = 4.7 KQ 

Rg = 3.9 kQ 

Rg = 15 kQ 

P4 = 25 KQ (27 kQ) preset poten- 
tiometer 


Capacitors: 

C, = 10 pF, 16 V, radial 

C> ae pF 

C3, C4 = 4.7 uF, 16 V, radial 
Cs5-C9 = 0.1 uF 


Inductors: 
L; = 2 turns of 0.3 mm enamelled 
copper wire on a ferrite bead 


Semiconductors: 

D,, D = 1N4148 

Tı = BC547 

Tə = SFH309-4 (do not use -F ver- 
sion) 

T3 = IRFD9120 


Integrated circuits: 

IC; = AT90S1200 (Order no 
986510-1) 

IC> = 74HC04 

IC3 = 4051 

ICa, Ge = 4017 

IC, = 78L05 


Miscellaneous: 

Kı = clip for 9 V battery 

Kz = 15-pole HD-sub-D connector, 
female, right-angled, for board 
mounting (for link to VGA connec- 
tor on computer) 

K3 = 14-way SIL header 

Sı = push-button switch, 1 make 
contact 

X1 = crystal 32,768 kHz 

9 V battery 

LC module, 2x16 characters 

PCB Order no.980040 (see Readers 
Services towards the end of this 
issue) 

Programmed controller Order no. 
986510-1 (see Readers Services 
towards the end of this issue) 





with the optical sensor is not the only 
way: measuring direct at the output of 
the video card is also possible. This is 
effected by linking the meter via a suit- 
able cable to the output and waiting 
until the measurement results appear 
on the display. 

software 

The software is contained in the 
processor. Immediately after the meter 
has been switched on, aroutine is 
started by which the two inputs 
of the meter are scanned for 
250 ms. If the optical sensor 
detects a signal, or the vertical 
synchronization appears on the 
relevant connector, the appropriate 
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980040-1 
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on the display. The measurement is 
continued as long as the signal is pre 
sent at the relevant input. When it is 
no longer there, both inputs are 
scanned again for 250 ms. If no input 
signal is detected for 30 seconds, the 
meter switches itself off automatically. 
M ake sure that the switching off occurs 
only when no light is incident on the 
meter. It is advisable to cover the meter 
when itis notin use. 

The source code may be found on 
the CD-ROM ‘uP-uC Hard&Software 
97-98’ in directory NL/O1. 
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Figure 3. Printed-cir- 
cuit board for the 
refresh rate meter. 






Figure 4. Photograph of 
the completed proto- 
type. Note how the LCD 
board is fitted to the 
mother board on four 








Replica of 
Rhine Tower 


Clock 





Visitors to Germany may 
have seen the world’s 
largest digital clock which is 
housed in a 234 metres high 
transmitter tower on the 
banks of the Rhine in Dus- 
seldorf. The time is indicated 
by vertically arranged lamps 
that shine their light through 
‘portholes’ (glazed round 


LED clock 


windows). This article 
describes a miniature 
replica of this Rheinturmuhr 


(Rhine Tower Clock). It is 
controlled by an Atmel 
processor and synchro- 
nized by a DCF module. 


Design by D. de Mulder 
A426 


If you have never visited Dusseldorf 
(about 35 miles northwest of Bonn and 
only 27 miles from the Dutch border) 
you can see photos of the world’s 
largest digital clock on the Internet 
and download a display version from 
it (htto:/Awww.dusseldorf.de), which is 
reproduced in Figure 1. 

Thirty-nine of the sixty-two win- 
dows along the height of the tower 





DC F-controlled 





form the ‘clock’. They indicate, from 
top to bottom, tens of hours, single 
hours, tens of minutes, single minutes, 
tens of seconds, and single seconds— 
see Figure 2. 


CIRCUIT DESCRIPTION 
In the electronic replica of the tower in 
Figure 3, diodes D>-D4ọ show the time; 
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diodes Dy¢g-Dag portray the lighting of 
the revolving restaurant, and diodes 
D41-D45 represent aircraft warning 
lights. 

The arrangement of the light-emit- 
ting diodes on the display board 
Shown in Figure 4 coincides with the 
diagrammatic representation in Figure 
2, so that a faithful small-scale replica 
is obtained. This arrangement is, of 
course, not necessary: the LEDs may 
just as well be arranged as a tradi- 
tional, horizontal bar. 

The use of a programmed Atmel 
controller saves a lot of components. 
Apart from the controller, |Cj, and 
voltage regulator IC3, only one more 
IC is needed: IC5. 

Display driver IC» is a very useful 
circuit element, which contains all that 
is needed to drive an LED display in 
multi-mode operation under the con- 
trol of a microprocessor or microcon- 
troller. 

The device is linked to the micro- 
controller via two control lines, WRITE 
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Figure 1. The Rhine 

Tower Clock on which 
the present replica is 
based. 


and Mode, which cause either 4-bit 
control information or an 8-bit (one 
byte) data word to be displayed. The 
sequential data words are automati- 
cally stored in an 8-byte buffer at each 
positive write pulse. They may be dis- 
played directly or in decoded form 
(hexadecimal or binary code-to-7 seg- 
ment). In the present application the 
decoder is, of course, not used. The 
individual LEDs of the clock can be 
enabled by the microcontroller 
through direct control of the eight seg- 
ment drivers. 

Normally, IC can control up to 
eight 7-segment displays with com- 
mon anode in multiplex. Since the seg- 





Figure 2. The arrange- 
ment of the LEDs on 
the display board is 
identical to that of the 
Original clock. 








ment and digit lines are all linked to 
connector K4, it would be possible to 
use a standard 7-segment LED display 
for indicating the time (with suitably 
modified software in IC,), but the 
result would no longer be a replica of 
the Rhine Tower Clock. 

When the tower display is used, 
Kı is linked via a length of flatcable 
to its counter part, K>, on the display 
board. On this board, all segment 
and digit lines are used to drive the 
LEDs. In the circuit diagram, the 
groups of LEDs (with interconnected 
anodes) are connected (from left to 
right) to the relevant digit line of the 
display driver as shown in the table. 

The horizontal segment lines run 









}hours: tens 


hours 


| minutes: tens 


minutes 


| seconds: tens 


seconds 
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} restaurant lighting 


} tower lights (red) 


} tower lights (red) 


D41-D48 
D39-D40 
D39-D37 
D25-D29 


D16-D23 
D11-D15 
D2-Dg (single seconds) 


* see text 


tens of hours) 
single hours) 
tens of minutes) 
Single minutes) 


a m~ es A~ A~ 


tens of seconds) 


aircraft warning lights and restaurant lighting): 


RST 
IC1 
INTO/P32 
INT1/P33 
TO/P34 
T1/P35 
89C1051/ 7218A ODP 
P37 89C2051 DIG1 
DIG2 
RXD/P30 DIG3 
TXD/P31 DIG4 
DIGS 
DIG6 
DIG7 
DIG8 
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Figure 3. Circuit dia- 
gram of the DCF 


digit line 7 
digit line 6 
digit line 5 
digit line 4 
digit line 3 
digit line 2 


Input. 


digit line 1 





from top to bottom in sequence A, B, 
C, ..., DP This is a total of eight lines, 
which is, in principle, one short in the 
case of the single (hours, minutes, sec- 
onds) LEDs. Therefore, special 
arrangements have been made for the 
three bottom diodes in the relevant 
row, Dio, D24 and Dag. The anodes of 
these diodes are commoned and then 


428 


linked to the digit 8 line (pin 18 of Kj, 
Kə and IC>). 

On the display board, the sequence 
is exactly the opposite. There, the three 
LEDs occupy the top position of the 
relevant rows. 

Diodes D41-D4g, whose anodes are 
linked to the digit-7 line, are driven via 
the segment lines in such a manner 


clock. A DCF module 
is linked to the DCF77 


that diodes Da)-Das 
(aircraft warning) flash 
each second, while the 
other diodes, Dyg-Dag 
(restaurant lighting) 
light continuously. 

Resistors R4 and Rs may serve as 
series resistors for the LEDs in case a 
different display or other kind of 
experimental circuit is connected to K4. 
For the same reason, pin 1 of Kj is 
strapped to ground, and pin 2 carries 
the 5V supply line. Similarly, resistor 
R- is intended for experimental pur- 
poses: it may be used as a series resis- 
tor for an LED (in place of JP) which 
shows whether the supply is on or 
not. If the circuit is used as a replica of 
the tower clock, the three resistors may 
simply be omitted. 
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Figure 4. Printed-circuit boards for the clock. The control and display boards are single-sided, not 
through-plated. The three boards for the display must be cut apart before any work is done. 
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Apart from decoupling capacitor ule) are decoupling elements on the Atmel controller is used. 
Ce, the display drivers needs no fur- supply line. Capacitor C4 provides a Diode D4 at the output (pin 9) of IC; 
ther external components, but IC, power-on reset; the resistor in series lights at every correctly received DCF 
does. Capacitors Cs and C7 (DCF mod- with it may be omitted when an pulse and is, therefore, a useful aid in 
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pointing the ferrite rod antenna of the 
DCF module in the right direction. 
The pulse output of the module is 
applied to input pin 11 (P3.7) of 1Cy, 
whereupon it is decoded (see box). 
The DCF module is linked to the 
control board via terminals earth (1), 
+5V (2) and DCF pulse (3). Resistor Re 
is a pull-up element for the open-col- 
lector output of the DCF module. 
Owing to the external 12MHz 
quartz crystal, the internal oscillator of 
IC> is so accurate that even when the 
DCF synchronization fails, the clock 
continues without discernible error. If 
necessary, however, the accuracy may 
be enhanced with trimmer C>. Note 
that it is not possible to use the clock 
without the DCF module since this is 
needed when the circuit is first taken 
into use to set the clock accurately. 
Power is provided by a 9-12V 
mains adaptor rated at 150 mA. The 
output of this is connected to Ks. The 
current drawn by the control board, 
Incl. the DCF module, is small: about 
18 mA. In operation, the display board 
draws about 120 mA. 





Figure 5. The DCF module 
board is populated mostly with 
SMT components. It is linked to 
the control board via a 3-core 
(Screened) cable. 


CONSTRUCTION 
Before any work on the boards is 
started, that for the display should be 


PC,-PC3 = soldering pin 

Xı = 12 MHz quartz crystal 

Ky, K = 20-way box header with pro- 
tective shell for board mounting 

Ks = socket for connecting mains 
adaptor for board mounting 

JP, = 2.54 mm pin strip and pin jumper 

20-way flatcable terminated into mating 
connectors for box header 

Heat sink for IC3 (e.g., Fischer CK35SA 
from Dau) 

DCF module (see Stippler advert in this 
issue) 

PCB with programmed controller, 
Order No 980035C 


Parts list 


Semiconductors: 

Dı, D46-D4g = LED, high efficiency, 
green 

D2-D4ọ = LED, high efficiency, yellow 

D41-D45 = LED, high efficiency, red 

Dag = 1N4001 


Resistors: 

Ri, Ro = 47 KQ 

R3 = 2200 

Ra, Rs, R7 = see text 
Re = 10 kQ 


Integrated circuits: 

IC; = 89C1051 or 89C 2051 (Atmel), pro- 
grammed Order No. 986505 

IC> = 7218A (Intersil, Harris, Plessey) 

IC3 = 7805 


Capacitors: 

Cı = 4.7 uF, 63 V, radial 
C> = 4-22 pF trimmer 
C3, Cy = 47 pF 

Cs-C7 = 0.1 uF 

Cg = 1000 uF, 25 V 


Cg = 10 uF, 63 V, radial Miscellaneous: 





Decoding process 


The DCF clock is a compact design: it uses only 829 
bytes of machine code. The software is relatively straight- 
forward and consists of two dissimilar blocks. One of 
these enables the reading of serial data (via P3.7) and 
storing the information in various registers. Figure 6 
shows the make-up of the code word transmitted by the 
DCF transmitter. When a valid code is read for at least two 
consecutive minutes, the data is used to setthe clock. 

The controller maintains its own clock function. After 
a reset, several registers are erased and then used to 
store the information as to number of hours, minutes and 
seconds. 

Also after a reset, timer 0 is setto the 8-bit auto reload 
mode, whereupon it generates an interrupt every 250 us. 

At an interrupt, the content of the accumulator and the 
program status word (PSW) are stored. Two registers are 


430 


maintained by this routine: one of them counts from 0 to 
100 (250 us x 100 = 25 ms), and the other from 0 to 40 
(40 x 25 ms = 1 s). The resultant 1 s pulse increments 
the registers, whereupon the clock becomes available. 

When valid DCF information has been received, the 
contents of the hour register and minute register are syn- 
chronized. 

Reproducing the information on a display requires 
more arithmetic. First, a byte is split into two digits, after 
which the hexadecimal code is converted into a position. 
For in-stance, decimal 7 has the hexadecimal code 0111 
and causes the seventh LED to light. The conversion is 
carried out by successive comparison of the with the dig- 
its 0-9. When the position code has been found, it is 
added to the display code via an instant instruction. 
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cut into separate boards as indicated 
by the relevant lines. 

Populating the boards should not 
present undue difficulties. Do not 
overlook the two wire bridges on the 
control board and the many on the 
display board. 

Owing to the closeness of the 
tracks, soldering must be carried with 
great care. 

Make sure that the correct polarity 
of all diodes and electrolytic capacitors 
is observed. 

The broad tracks at the edges of the 
display boards serve to interconnect 
these boards. They are best linked by 
laying them flat on the workbench 
with the track layout upward. The 
connecting wires should be as short as 
feasible. The boards may be stiffened 
by soldering stout wire or metal strips 
at their edges. It is also possible to use 
small, metal clips available from sta- 
tionery suppliers. 

The DCF module is connected as 
shown in Figures 5 and 6. When the 
four screw terminals are viewed from 
above (Figure 6), the terminals from 
left to right are: DCF output (inverted); 
DCF output; supply line (+1.2-15 V); 
and earth. 

Figure 5 shows the SM D-populated 
track side of the DCF board and the 
connecting leads to the control board 
(from left to right: earth; +5 V, DCF 
output). If the connecting leads are 
long(ish), screened 3-core cable should 
be used. 

The outputs of the module are 
open-collector outputs of n-p-n tran- 
sistors that can handle voltages up to 
30V and are able to switch currents of 
up to 1 mA to ground. 

Do not yet insert IC] and IC> into 
their respective sockets, and check the 
completed boards carefully. Then 
switch on the power and check that 
the supply lines are as specified. The 
potential at the junction of IC, and Co, 


6 
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pin 20 of the socket for IC, pin 19 of 
the socket for IC, and pin 2 of Kı 
must be +5V +5%. 

Switch off the supply, insert IC, 
and IC» into their sockets, and connect 
the DCF module and the display 
boards. 

Switch on the supply, whereupon 
the restaurant lighting should come on 
and the aircraft warnings lights should 
start to flash at 1-second intervals. At 
the same time, the display shows 
00:00:00. The clock will set itself to the 
correct time when the DCF signal has 
been received flawlessly for at least 
two minutes. Faultless reception is 
Indicated by the regular lighting of 
diode D, at each DCF pulse. 

Owing to the multiplexing of the 
display the reception in the immediate 
proximity of the control and display 
boards may suffer from interference. It 
may, therefore, be necessary when tak- 
ing the clock into use for the first time 
to place the DCF module away from 
the remainder of the unit. Alterna- 
tively, connect the module to the 
antenna via a longer, screened cable. 
Reception difficulties may also be 
encountered when the clock is close 
(that is, less than one metre) to a tele 
vision set or similar equipment. 

When reception has been satisfac- 
tory for more than two minutes, the 
display will show the correct time. If 
reception fails during the two minutes, 
a new period of two minutes is started. 
Once the clock runs, however, it needs 
to be synchronized with the DCF sig- 
nal only once or twice during every 
twenty-four period. 

[980035] 


Figure 6. Make-up of 
the 35-bit data word 
transmitted by DCF. 
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In the UK, two small 
sections of the 70-cm 
band, around 

418 MHz and 

433 MHz, have been 
available for some 
time for licence- 
exempt wireless com- 
munication using 
type-approved low- 
power devices 
(LPDs), also called 
short-range devices 
(SRDs). In this article 
we look at the use of 
these frequency 
bands, and some 
general design con- 
siderations for SRD 
modules. 


d 34 


418/433 MHz 


short-range communication 


licence-exempt data transmission 
and remote control systems 






The history of licence-exempt 
use of radio transmitters 
started a few decades ago with 
the private use of low-power 
transmitters for radio-con- 
trolled models. Much later, CB 
radio in the 27-MHz band was 
legalised and type-approved 
radios for this band were 
freely available. However, 

the use of type-approved 
radio-control transmitters as 
well as that of CB rigs was tied to 
a licence fee and some administration. 
And then, the mere disappearance of 
the dreaded paperwork and, possibly, 
a test, to get your licence was hailed as 
a great liberalisation. The result of this 
de-regulation on part of the govern- 
ment authorities was a boom in the 
sales of CB radios. A few years later, the 
overcrowded CB band was extended 
with quite a few channels, higher 
transmit power was allowed, as well as 
FM (frequency modulation). 

Although small sections of the 
40 MHz and 173 MHz bands (the latter 
exclusively in the UK) have long been 
available for low-power devices like 
“stage microphones’ and remote con- 
trols (for example, for garage doors), 
nothing was allowed without paying a 
licence-fee and proof that the equip- 
ment was type-approved. 

Many of the regulations, but not the 
type-approvals, have been relaxed or 
changed radically over the past few 
years. Initially, licence-exempt remote 
control systems appeared for the CB 
27 MHz (11-m) band. The real activity 
did not start however until two small 
sections of the 70-cm band, 418 MHz 
and 433 MHz, were ‘released’ for low- 
power type-approved devices (LPDs), 
also called short-range devices (SRDs). 
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In Europe, the national radio regula- 
tion authorities (in the UK : Radiocom- 
munications Agency, RA) have their 
own say about the use of the SRD 
bands. In the UK, the 418 MHz section 
may be used for telemetry transmitters 
and receivers, telecommand and in- 
building security equipment, while the 
433-MHz section is only available for 
in-vehicle equipment including radio 
keys. This is in contrast with many 
other European countries, where the 
section around 433 MHz is much wider 
and also available for all of the afore- 
mentioned applications, and even 
voice communications using 10-mW 
FM handhelds. 

In the UK, the specification with 
number MPT1340 is applicable to all 
LPDs using the 418 MHz and 
433 MHz sections of the 70-cm band. 
The Radiocommunications Agency 
(RA) is an Executive Agency of the DTI 
(Department of Trade and Industry) 
responsible for the allocation, mainte- 
nance and supervision of the UK radio 
spectrum. The RA can be contacted at 
the following address: Radiocommu- 
nications Agency, New King’s Beam 
House, 22 Upper Ground, London 
SE1 9SA. Tel. (0171) 211 0211, fax 211 
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radiocom. 
Document number I-ETS 300 220 1 2 a sil 5 3 
describes the type-approval require- 
ments for 418/433- MHz SRDs. Accord- TO 
ing to the RA, new equipment can only 
be type approved to this standard pro- 
vided parameter limits stated in LPD/ o LPD/SRD Band Band 
MPT 1340 are met. 


Range: 433.72 MHz to 434.12 MHz D 
Ex-ISM FREQUENCIES = Width: 400 kHz = 
A long time ago, the current SRD band fæ} Channels: 16 © 
section at 433 MHz was part of a d Raster: 25 kHz > 
slightly larger section reserved for ISM op) Specification: MPT 1340 =f 
(industrial, scientific and medical) 2 For Vehicle Radio Keys only. = 
equipment producing RF radiation. Licence-exempt, max. 10 mW ERP ee 


Mainly as a result of pressure from 
licensed radio amateurs who use this 
part of the band on a shared and/or 
secondary basis, the use of ISM equip- 
ment has been phased out, and the 
band section is no longer identified as 
such, at least not in the UK. Several 
other ISM frequency bands are defined 
in the UK, including 167 MHz, 83 MHz 
and 40 MHz, all subject to strict regu- 
lations, the most essential of which 





LPD/SRD Band 


being very low ERP (effective radiated > Range: 417.9 MHz to 418.1 MHz D 
power) levels. = Width: 200 kHz = 
The exact frequency allocation of œ Channels: 8 5 
the 418 MHz and 433 MHz SRD bands N ~~ Raster: 25 kHz N 
is shown in Figures la and 1b. It ~ PTEN Sa 
should be noted that the channel divi- = Specification: MPT 1340 a 
sion and channel widths have been <4 Low-power general telemetry, = 
adopted by SRD manufacturers, there telecommand and alarms. 
being no strict RA regulation in this Licence-exempt, max. 0.25 mW ERP 980038 - 11b 
respect. 
It is expected from radio amateurs 
using the 70-cm band to accept the Figure 1. Frequency 
activity of low-power SRD users in this allocation and (man- 
part of the band and not cause inter- ufacturer-proposed) 
ference. Likewise, SRD users have to channel division of 
live with interference caused by radio the two 70-cm SRD 
amateurs, or prevent interference by bands available in 
using low transmission rates, sure the UK. 


codes, high redundancy and selective 
receivers. All of this is, of course, in the 
hands of the manufacturers of SRDs, 
because the users are not allowed to 
make changes to type-approved equip- 


ment. Figure 2. Plans are 


afoot to open the 


A NEw SRD BAND 886-MHz band for 
SRD use. 

Meanwhile, because they are so small, 

the 418 MHz and 433 MHz SRD bands 

have become quite overcrowded. A 

new band, around 886 MHz, is ‘identi- 


fied’ by the relevant authorities for use 
by SRDs (Figure 2), with reference to 
CEPT Recommendation T/R 70-03. In PLL 


this band, it is planned to reserve sev- 


eral channels exclusively for security —G.S—[————————— 
applications. Some channels in the pro- Future SRD band 


posed frequency range are, however, 
still in use for analogue cordless tele- 
phone sets of the CT2 generation. 

For all SRD bands, the intention has 
always been to arrive at unified regu- 
lations. In the UK, however, the Radio- 
communications Agency “has not 
adopted CEPT recommendation 
TR 01-4 which allows general low- 
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Range: 868 MHz to 870 MHz 
Width: 2 MHz 

Channels: 80 

Raster: 25 kHz 


CEPT Recommendation T/R 70-08 refers. 
980038 - 12 


868.000 MHz 
870.000 MHz 





DATA IN 
R1 


Figure 3. Circuit dia- 
gram of an ultra-sim- 
ple 433-MHz SRD 
transmitter using 
amplitude modulation 
(not type-approved by 
R 


Figure 4. Circuit of a 
simple AM receiver 
module using a single 
transistor in the 
(regenerative) RF sec- 
tion (not type- 
approved by RA). In 
some cases, there’s 
an additional pream- 
plifier stage using a 
second transistor. 











433,92 MHz 


power devices to 
operate in this 
band”. Hopefully, 
the 886 MHz SRD 
band will be graced 
by cross-European 
standards, and 
receive an ETS 
(European Telecom- 
munication Stan- 


dard). 


LPD 
MODULES 
In this country, 


RadioMetrix and 
RadioTech are the 
main suppliers of 
ready-made, type- 
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approved receivers and transmitters 
for short-range communications in the 
418/433 MHz bands. In this context, we 
should also mention the activities of 
the LPRA, the Low-Power Radio Asso- 
ciation, who publish an interesting and 
highly topical newsletter, as well as 
maintain a fine Internet web site at 
wuww.lpra.org.uk 

The ready-made, UK type- 
approved LPD modules _ from 
RadioMetrix and RadioTech come in a 
variety of frequencies and transmit 
powers, depending on your applica- 
tion and country of use. Modules are 
also available for digital communica- 
tions between, say, a PC and a printer, 
the radio link effectively acting as a 
very long RS232 cable. All LPD mod- 





* 1.5 turns 


ules we have seen so far contain SMD 
parts to keep the overall size as small 
as possible. 

The simplest versions of SRDs used 
to rely on an amplitude-modulated 
transmitter (Figure 3) and an associ- 
ated regenerative receiver (Figure 4). 
Note that such systems are probably 
no longer allowed under RA specifica- 
tion MPT 1340. The transmitter consists 
of a one-transistor oscillator. Modula- 
tion is obtained by applying the data 
signal to the base of the transistor. A 
single surface-acoustic wave (SAW) 
resonator is used as the frequency- 
determining element. A highly similar 
circuit for experimental use was pub- 
lished in Elektor Electronics July/August 
1993, page 54. Note, however, that this 
design is based on frequency modula- 
tion (FM) using two varicap diodes, 
while the SAW has a fine-tuning 
adjustment. 

The receiver shown in Figure 4 also 
contains just one transistor. It is biased 
to act as a regenerative oscillator, in 
which the received antenna signal 
causes the transistor to switch to high 
amplification, thereby automatically 
arranging the signal detection. Next, 
the ‘raw’ demodulated signal is ampli- 
fied and shaped-up by opamps. The 
result is a fairly clean digital signal at 
the output of the receiver. The logic- 
high level is at about 2/3 of the supply 
voltage, i.e., between 3 V and 4.5 V. 

The range of the simple system 
shown in Figures 3 and 4 is much 
smaller than that of more expensive 
units, mainly because of the low trans- 
mit power (approx. 1 mW) and the rel- 
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ative insensitivity and wide-band 
nature of the receiver. Moreover, ampli- 
tude-modulated noise is not sup- 
pressed in any way. 

For more demanding applications, 
FM (frequency modulation) is the obvi- 
ous alternative. Block diagrams of an 
LPD-type 433-MHz FM transmitter 
and its associated receiver are shown 
in Figures 5 and 6 respectively. 

The transmitter is automatically 
actuated by means of pulse edge detec- 
tion, and uses an accurately defined 4- 
ms time slot to transmit, as soon as 
data pulses are detected at the input. 
When the data signal is removed, the 
transmitter automatically returns to 
standby mode after 
about 200 ms. As in the 
lower-spec transmitter, 
the frequency stability is 
derived from a SAW res- 
onator. The main advan- 
tage of these resonators 
is their low cost. On the 
down side, they are subject to rela- 
tively large production tolerances, and 
their temperature stability is a far cry 
from that of a quartz crystal. 

To keep the bandwidth of the fre- 
quency modulated transmitter output 
signal within limits, the frequency devi- 
ation is limited (+2.5 kHz to +20 kHz, 
depending on the SAW type and man- 
ufacturer). The input data rate is also 
limited (low-pass filter). The upshot is 
that the highest data rate of the FM 
modules is about 10 kBit/s (using a high- 
est modulation frequency of 5 kHz). 

The antennas used for SRDs are tra- 
ditionally produced in the form of a 
printed-circuit board track, while / 
lambda flexible anten- 
nas are also seen occa- 


bands. 


Figure 5. Block dia- 
gram of a typical FM 
transmitter module for 
one of the 70-cm SRD 


Figure 6. FM receiver 
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sionally. modules may be super- 

The FM receiver | heterodynes or even Ub = 5V 
module shown in the | double-conversion 
block diagram (Figure 6) | designs. 


is a superheterodyne 
design. Here, too, an 
SAW resonator is used in the oscillator 
to ensure frequency stability. All of the 
intermediate-frequency (IF) filtering 
can be done with low-cost 10.7-MHz 
ceramic filters. Because of the possible 
frequency offset caused by the SAW 
resonator, a fairly large bandwidth 
(approx. 280 kHz) is required anyway. 
Most ready-made SRD receiver mod- 
ules are compatible with 5-V or 3-V sys- 
tems. 

Thanks to miniaturisation, SRD 
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modules with even 

higher specifications 
are not necessarily larger, but dearer 
and more complex. 

Higher-spec transmitters achieve 
better frequency stability thanks to the 
use of a crystal-controlled synthesiser, 
while the harmonics suppression is 
also better as a result of extensive fil- 
tering at the output. 

Likewise, high-end SRD receiver 
modules are usually double-conversion 
types using synthesiser tuning and nar- 
row-band IF filters. The technology 
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used to manufacture these modules is 
the same as found in handhelds for the 
70-cm amateur radio band. 


DATA TRANSMISSION 

For simple data transmission applica- 
tions, such as a remote control link, 
you need a suitable encoder at the 
transmitter side, and a matching 
decoder at the receiver side. Specially 
designed integrated circuits are avail- 
able like the MM57410N_ from 
National Semiconductor, the 
MC145026/MC145028 from Motorola, 


aN 





SW-DIP8 


ADDRESS 


SW-DIP8 


ADDRESS 


Figure 7. Application 
circuit for an address- 
able digital link using 
an SRD and frequency 
modulation (FM). 


or the HE8 and 
HT12 from Hei- 
land Electronic 
(D-48351 Ever- 
swinkel, Germany. 
Tel. +49 2582-7550, 
fax +49 2582-7887). 

An example of an addressable sig- 
nal transmission link for the 433 MHz 
SRD band is shown in Figure 7 (note: 
this application may not be allowed in 
the UK). The encoder IC type HT12E 
supplies its data directly to the modu- 
lation input of the transmitter. Simi- 








HT433-1/T 
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larly, the HT12D decoder IC is found 
directly at the output of the receiver. 
On the DIP switches in the encoder 
you set the same address as in the 
receiver to be addressed (multiple 
receivers may be addressed by a single 
transmitter). 

In addition to the receiver address, 
four data bits may be applied to the 
input. Here, these four bits come from 
push-button switches. By applying the 
transmit-enable signal (/TE), the 
encoder is prompted to supply a 12-bit 
serial word (consisting of 8 address 





by RA). 


Figure 8. A professional 
data modem designed 
for use with a 70-cm 
SRD (not type-approved 


bits, and 4 data bits) to the transmitter. 
The decoder receives the 12-bit word 
and extracts the first 8 bits as an 
address, and the remaining 4 bits as 
data. The four data bits only appear at 
the output if the received address 
matches the DIP switch setting in the 
decoder. The 4-bit dataword is first 
latched and then used to control exter- 
nal devices (here, LEDs are used). 

To make sure the transmission 
arrives securely at the decoder, the 
encoder transmits the 12-bit serial 
word four times each time the /TE 
input is activated. The decoder with- 
holds the data until three identical, suc- 
cessive, copies have been received. The 
VT output then flags the availability of 
valid data. 

This process is very well suited to 
slow data transmission. For higher data 
rates, a microcontroller is an obvious 
alternative to special encoder/decoder 
ICs. Note, however, that opting for a 
microcontroller (like a PIC) almost 
always means that you have to write 
your own software aimed at achieving 
secure and reliable transmissions. 

If data is to be exchanged between 
equipment having a serial interface, 
the first solution that comes to mind is 
often one as adopted in the project 
“Long-distance IrDA link’ published in 
Elektor Electronics May 1997. 

For more demanding telemetry 
applications, special data modems are 
employed in combination with high- 
end 418-MHz SRD modules. A trans- 
mission protocol is then used to 
improve the data security. Often, the 
AX.25 protocol is employed, a spin-off 
of the X.25 protocol which has been in 
use for several years for amateur 
packet radio. 


MODULATION 
TECHNIQUE — 
A BOTTLENECK 
While most data transmission modules 
approved for SRD use are usually said 
to use ‘FM’, in practice the actual mod- 
ulation method is FSK (frequency shift 
keying). Though simple from a design 
and technology point of view, FSK is 
burdened by a large bandwidth 
requirement which is the chief cause of 
the relatively short distances that can be 
covered. Assuming a receiver band- 
width of 25 kHz (at -36 dBm) is being 
used for data transmission, then the 
highest achievable data rate using FSK 
would be a measly 500 bits per second! 
Consequently, professional applications 
of SRD modules call for special modu- 
lation techniques like GMSK (Gaussian 
Minimum Shift Keying) which 
reduce the bandwidth require- 
ment by a factor of 15 and more, 
while considerably improving the 
transmission security. 

(980038-1) 
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Digital Signal processing 





Part 5 — More about filters and 


modulation 





In this instalment, we 
have another look at 
filters and their 
synthesis and then turn 
our attention to 
modulation techniques. 
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Figure 31. Impulse response 
with various weighting fac- 
tors (window functions). 


By Dr. Ing. M. Ohsmann 
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WEIGHTING REVISITED 
There is considerable freedom in 
designing a filter from a predesignated 
frequency response. The first factor to 
be decided is the number of samples in 
the step response, that is, the order, N, 
of the filter. If too high an order is cho- 
sen, the consequent computation 
becomes enormous. It is, therefore, in 
general better to choose n as small as 
feasible. Furthermore, in our program, 
SPECFIL1.EXE, window parameters, a, 
have to be chosen. Their influence can 
be seen in Figures 31 and 32. For the 
oscillogram generated with the pro- 
gram, values of 0.1, 3, 5 and 14 were 
used for a. A small value for a results 
in hardly any weighting being applied. 
The step response shows spikes at 


either end of the waveform, which 
may lead to side lobes in the frequency 
response. A larger value of a will 
reduce the size of these lobes, but the 
frequency response is then no longer 
completely identical with the predesig- 
nated response: it becomes more and 
more rounded. The only alternative to 
either of these two unfortunate aspects 
is a higher filter order. 


PHASE RESPONSE 

The filter design program produces fil- 
ters with a linear phase response. All 
frequency components appear to be 
delayed by the filter for a constant time, 
which is numerically exactly equal to 
half the filter order. Entering ‘hilbert’ 
instead of ‘normal’ in the second row of 
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Figure 32. Frequency response 


with various weighting factors. 


the filter specification results in a filter 
whose frequency response is retained, 
but shifts all frequency components by 
90°. Such a filter is used for specific 
applications as will be seen later. 


BETTER FIR FILTERS 
Simple design program SPECFILI.EXE 
often does not produce the best possible 
filter; it is frequently possible to arrive 
at a design closer to the predesignated 
one with a lower filter order. 
Unfortunately, the design of such a 


Figure 34. Frequency response of a 


filter is not easy and cannot 
be dealt with in an introduc- 
tory article; the reader is 
referred to the reference works listed 
at the end of this instalment. There are 
also a great many commercially avail- 
able programs which enable the pro- 
fessional designers of DSP systems to 
design top-of-the-range filters. A sec- 
tion of the design program for an FIR 
filter contained on a DSP the 
ADSP2181 from Analog Devices, is 
shown in Figure 33. When the usual 
16.66 MHz crystal is used, an instruc- 
tion is carried out in 30 ns. 


The inner loop, line 3/4, takes about 
30 ns per run, so that, if the sampling 
rate is 48,000 samples per second, only 
20 us are left per sam- 
ple, and only 10 us in 


Butterworth filter of various orders. 
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1 cntre=taps-1; 

2 mr=0, mxO=dm(i2,m2), 
myO= pm(i7,m7); 

3 do firl until ce; 

4 firl:mr=mr+mx0O - my0O(ss), 
mxO= dm(i2,m2), 
myO= pm(i7,m7); 

5 mr=mr+mx0*my0 (rnd); 

6 if mv sat mr; 


Figure 33. Listing of a 
program for the 
design of a non-recur- 
sive (FIR) filter. 


case of a stereo signal. This means that 
an FIR filter for stereo signals can have 
a maximum of 10/0.03 = 333 delay ele- 
ments, that is, N< 333. This makes it 
clear that even modern DSPs are not 
capable of executing a number of long 
filters simultaneously. This is why in 
DSP developments, the aim is at all 
times to use low sampling rates and 
simple filters. An alternative is the use 
of an IIR filter instead of an FIR type, 
but often this cannot meet the specific 
requirements of the phase response. 


FILTERED NOISE 

As a final experiment with filters, we 
will design a simple narrow-band 
band-pass filter, use this to filter noise 
and analyse the wav file so produced 
on a spectrum analyser. When you lis- 
ten to this file, you will notice that 
although the signal can be heard, it can 
be over a narrow frequency range only. 
File XFILDES3.SPP provides a suitable 
band-pass filter about 300 Hz wide 
with a centre frequency of 1150 Hz. 


BUTTERWORTH FILTER 
Once you have started designing an 
FIR filter as just described with steep 
skirts and narrow pass band, you will 
notice how tedious and numerous the 
calculations are. 

For low-pass filters, it is best to use 
the program BUTTERI.PAS, which 
enables the simulation of steep-skirted 
IIR filters that are appreciable faster 
than similar steep-skirted FIR filters. 
The steepness of the skirts is deter- 
mined by the filter order (which must 
be an even number). The second para- 
meter is the cut-off frequency. The fre- 
quency responses produced by file 
XBUTTER2.SPP for a cut-off frequency of 
800 Hz, a sampling rate of 11,025 sam- 
ples/sec and filter orders of 2, 4, 8 and 
12 are shown in Figure 34. The 
response is flat up to the cut-off fre- 
quency and shows no overshoots, but 
the attenuation increases in proportion 
with the filter order. The step response 
for orders 2, 4 and 8 produced by XBUT- 


“uN 





Figure 35. Step 
response with vari- 
ous filter orders. 
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Figure 36. A Schmitt 
trigger generates a rec- 
tangular signal. 


Figure 37. Spectra of 
the sinusoidal and rec- 
tangular signals. 
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TER1.SPP is shown in Figure 35. Note 
that the amplitude of the overshoots 
increases with rising filter order to the 
same extent as the response time. 

Other types of filter, such as Chebi- 
shev and Butler, encountered in ana- 
logue filter designs, are also available 
in digital filter design. Unfortunately, 
owing to space considerations, these 
cannot be discussed here: the reader is 
referred to the references at the end of 
this instalment. 


PERIODIC SIGNALS 

When periodic signals are viewed on a 
spectrum analyser, it will be noticed 
that they contain frequency compo- 
nents only at frequencies that are a 
whole multiple of the fundamental fre- 
quency. This is in accordance with the 
mathematical axiom that a periodic sig- 
nal is composed of a fundamental fre- 
quency and a number of harmonics. 
Let us carry out an experiment with a 
setup as shown in Figure 36. In this, a 
Schmitt trigger (SCHMITT.EXE) produces 
from a sinusoidal signal a rectangular 
one whose spectrum is shown in Fig- 
ure 37 (experiment XFOURI. SPP). All fre- 
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quencies contained in the rectangular 
signal are derived from the sinusoidal 
frequency. The frequency content of a 
periodic signal is determined by a 
Fourier analysis performed by a spec- 
trum analyser. 


FOURIER SYNTHESIS 
The menu contains a program that 
computes the relevant signal from a list 
of frequency components (frequency, 
amplitude, and phase). For example, 
for a square-wave signal (duty factor is 
1:1), the following table correlates the 
number of the harmonics (first col- 
umn) with their constituent value (sec- 
ond column): 


1 10 (=10/1) 
3 3.3333 (=10/3) 
5 2 (=10/5) 
7 1.428 (=10/7) 
9 1.111 (=10/9) 
11 0.9090 (=10/11) 
13 0.7692 (=10/13) 
15 0.6666 (=10/15) 


The result of the Fourier analysis, in 
which a number of different harmon- 
ics are included, is shown in Figure 38. 
The corresponding experiment is car- 
ried out by file XFOUR2.SPP. 


A HEARING TEST 
Experiment XFMSYN2.SPP generates sig- 
nals TMP1.WAV and TMP2.WAV, which 
have the same frequency components 
but with different amplitude. The oscil- 
logram in Figure 39 shows the signifi- 
cant effect of the phase relations of the 
frequency components. The first signal 
has a virtually constant amplitude. 
During a hearing test, weak frequency 
modulation may be detected. How- 
ever, when listening to signal TMP2.WAV 
a strong amplitude modulation will be 
discerned. Signal TMP1.wav is a 
VHE/FM signal reduced by weak sig- 
nal components. It has a linear spec- 
trum, but is symmetrical with respect 
to a given frequency. Thus, we can no 
longer speak of a fundamental fre- 
quency with harmonics. 


MODULATION 
PROCESSES 

Digital signal processing is also used 
more and more frequently in radio 
receiver technology. For instance, 
mobile telephones invariably use com- 
plex modulation processes. An 
overview of several modulation and 
demodulation processes is therefore 
instructive. Although these processes 
are in the main classical, the overview 
gives an interesting picture of the rela- 
tion between spectra of various signals. 


SOURCE MATERIAL 

To keep the course as practical as pos- 
sible, we will use readily available data 
whenever possible. Signals WD1L.WAV 
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and wD1R.WavV are obtained with the 
setup shown in Figure 40. In several 
countries, VHF transmitters emit an 
amplitude-modulated 57 kHz sub-car- 
rier with traffic news (ARI*). At the 
same time, the sub-carrier transmits, 
with the aid of phase-shift keying 
(PSK) digital RDS signals. To be able to 
sample this signal, it is converted to 
5kHz+2kHz by mixing it with a 
62 kHz oscillator signal. The resulting 
signal, which contains both amplitude 
modulation and digital phase modula- 
tion, is available in file WDIR.WAV. 
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BBC: AM AND PM 

Amplitude modulation may be looked 
at more closely with the aid of the 
198 kHz BBC broadcast transmissions. 
The carrier of this signal is mixed with 
a signal of 188 kHz, resulting in an out- 
put of 10 kHz (see Figure 41), which is 





Figure 38. Fourier readily sampled at 44.1 kHz. This 
analysis of a rectan- enables amplitude modulation to be 
gular signal with tested with a real audio example. 
many harmonics. Figure 39. Signals It is interesting to note that the 
with equal amplitude same 198 kHz signal is also phase mod- 
but with different ulated to enable control data to be 
phase spectra. transmitted. This is also contained in 


39 the file BBC188.WaAV. 


AMPLITUDE MODULATION 
In amplitude modulation, the modu- 
lating signal, s(t), is superimposed onto 
the carrier frequency, fo.(@. = 2mf,). In 
case of a cosinusoidal carrier, the trans- 
mitted signal is 





x(t) = [C+Ms(t)] cos(a@,t), 


where C is the carrier amplitude and M 
is the depth of modulation. 

Normally, fe is much greater than 
the frequencies in s(t). The simulations 
in this course use relatively low carrier 
frequencies of about 10 kHz. This 
means that the modulating frequencies 
must lie in the low audio range. 

In experiment XAM1.sPP in Figure 42, 
a sinusoidal carrier with a frequency of 
2 kHz is modulated by a triangular sig- 

H nal at 150 Hz. The triangular signal, 

s(t), is shown in Figure 43 (left) with 

beside it the resulting amplitude-mod- 

ulated waveform. The spectra of the 

sample & record triangular signal and the AM signal are 
shown in Figure 44. Note that in the 
AM spectrum at the left and right of 
WD1L.WAV: the carrier spectral components (side- 

discriminator eo bands) of s(t) occur. These may be 
explained by the equation of a cosinu- 

soidal carrier modulated by signal s(t): 











VHF FM receiver 


audio card 
left-hand 


stereo T T T 
decoder |_| rigntnana WDIRWAV: nol COnISIRINGIARNAnd: 
AF RDS data. (ARI = Autofahrer 

Rundfunk Informationen = 

motorists’ broadcast infor- 

mation; RDS = Radio Data 
980015 - 5 - 21 System). 
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[C+Mcos(a,,t)] cos(a,t) = 
Ccos(a@,t) + 
M/2cos[(@,—-@,,) t] + 
M/2cos[(@,+@,,) t]. 


4 1 ferrite-rod amplifier 


antenna 







BBC188.WAV 


This shows that the signal consists of 
three individual cosinusoidal signals: 
the carrier and two sidebands at a 
given distance from the carrier. 

The modulating signal contains 
many cosinusoidal frequencies: 
188 kHz 
s(t) = agcos(Wot) + aycos(@yt) + 980015 - 5 - 22 

AnCcOSs(Wyt) + ... 


Each of the terms in this equation pro- Figure 41. Set-up for generating an AM 
vides a spectral line to the left and right Signal. 


of the carrier. To enable AM signals to 
be investigated, the menu contains a 
program AMGEN1.EXE for the generation 
of AM signals with which the various 
experiments may be carried out. oscilloscope 

[980015-5] 
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Before starting to use the programs, copy 
the entire folder ‘Espresso’ from the Figure 43. Modulating signal (left) and 


CD-ROM to the hard disk. The programs AM signal (right). 
may then be run from the hard disk. This 
procedure is also explained in the ‘readme’ 


Figure 44. Spectrum of the modulating 


file on the CD-ROM. . signal (left) and AM signal (right). 
When copying a file or folder under Win- 


dows, its read-only setting is also copied. 
With many Espresso programs, the 
read-only attribute causes an error report to 
be displayed, or graphics to disappear. This 
problem is solved by using the Explorer, 
selecting all files in the Espresso folder on 
the hard disk and then clicking on File — 
Properties. Remove the check mark in the 
‘read only’ square by clicking on it. Close 
the program by pressing OK after which fa 2.0 fb= 50000 us a fa= 08.0 4b FOO curs L 
everything should function correctly. eyes 
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BIECTronics On-line 


design-hunting 





If you are looking for a circuit diagram for a specific application, there 
is a fair chance that you can find it on the Internet. Hobbyists, technical 
colleges and universities are just a few sources of that elusive circuit 
diagram, and, if you are lucky, a complete description to go with it. 
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When these two voltage are applied to the OP Amp, we will have a situation where there is only a Voltage 
from the output of the Op Amp when the temperature is sufficient that the supply voltage exceeds the 
reference voltage of 4.5V : 














were to be placed at the output it would only sound when the temperature exceeded 40 degrees. This 
could be used for a project such as the bath-o-meter, a project which I personally did, and it worked well. 
The point was that we should have a bar graph as well, which I also did - it displayed the temperature of 
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What was it again you 
were looking for? A small 
motor control circuit or a 
solar-powered battery 
charger? Of course, Elektor 
Electronics magazine, our 
books and CD-ROMs are 
the best and largest source 
you'll want to turn to for 
help, using the invaluable 
help of our Item Tracer on 
diskette. And yet, there are 
subjects that have not been 
covered by Elektor, or you 
may be looking for a 
slightly different approach 
to the project you are 
working on. In those cases, 
the Internet can be very 
useful, because it has a vast 
number of subjects in store 
which are offered free of 
charge to interested readers 
or aspiring constructors. 

Broadly speaking, the 
sites holding electronics cir- 
cuit diagrams (also called 
schematics) may be divided 
into two classes: educa- 
tional on the one hand, 
and hobby-oriented, on the 
other. Especially on servers 
at technical colleges and 
universities vast amounts 
of electronic circuit dia- 
grams may be found. We 
launched our browser and 
paid a visit to some of these 
sites. 

The Circuit Cookbook 
Archive at the university of 
Alberta (ftp.ee. 
ualberta.ca/pub/cookbook/ 
index.html) contains a 
respectable number of sub- 
jects in various fields, 
including audio, comput- 
ers, RE software as well as 
Spice files. This is definitely 
a source that has a lot to 
offer. 

The Circuits Archive at 


Washington University’s server 
(www.ee.washington.edu/eeca/circutts) also 
holds a number of interesting circuit 
diagrams like a paradoxical sound syn- 
thesizer and an RF sniffer (see for 
yourself what this is all about). 

Then there is the technical depart- 
ment of the Poole Grammar School 
which runs a site showing beautifully 
designed Internet pages 
(users.bournemouth.net.co.uk/~pooleg- 
stech/htm/circuits.htm). Although you 
may find just a couple of circuit dia- 
grams at this site, there are extensive 
descriptions to go with them, and the 
pages have an attractive layout. This 
site is certainly worth a visit! 

Private individuals, too, show their 
circuit diagrams on the web, often 
using links to other sites containing cir- 
cuits. 

Tomi Engdahl’s Electronics Info 
Page at www.hut.fi/Misc/Electronics is 
very extensive. Here you are sure to 
find diagrams for a wide variety of 
applications, as well as addresses of 
electronic-part manufacturers, and 
even information on subjects like EMC 
or GPS. 

The Electronics Page at www.world- 
net.net/~muldowne/schems.html also 
offers an impressive collection of cir- 
cuit diagrams for power supplies, RE 
audio/video, etc. 

Other addresses you may want to 
turn to for interesting schematics are, 
among others, Circuit Land 
(www.uoguelph.ca/~antoon/circ/circuits), 
Electronic Schematics (www.web- 
span.com/pjohnson/schematics.htm), FC’s 
Electronic Circuits 
(www.eklektix.com/gfc/elect/) and Dr. 
Bob’s Electronics Resource 
(www.drbob.net/). Note, however, that 
the references on these pages often 
point to one and the same circuit dia- 
eram, and that many designs are sim- 
ply copied from databooks. None the 
less, there’s lots of interesting stuff out 
there, just waiting to be discovered. 

(985037-2) 
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battery-resistance 


meter 








for all kinds of battery 





A measurement of the e.m.f. of a bat- 
tery (dry or rechargeable) does not 
say anything about the condition of 

the battery or its constituent cells. To 

obtain a useful indication of that con- 
dition it is necessary to measure the 
battery voltage under load. The circuit 
described in this article allows this to 
be done readily, and goes even fur- 
ther since it enables the extent to 
which the battery is able to follow 
rapid changes in the load to be 
monitored. 


Design by K A Walraven 
A448 





Both dry and rechargeable batteries 
retain their em.f. more or less 
unchanged over about three quarters 
of their useful life (dry) or charge/dis- 
charge cycle (rechargeable). H owever, 
a useful indication of the residual 
capacity or state of charge can be 
obtained only when a current is drawn 
from the battery by a load. If then the 
terminal voltage changes little, it may 
be assumed that the battery is in rea- 
sonable condition. If, however, it drops 
appreciably, the battery is very nearly 
flat or near the end of its life. 

In the case of a rechargeable battery, 
an even better indication of its condi- 
tion is obtained when it is first fully 
charged and then discharged at a well 
defined current. The product of the 
time taken for the battery to become 
discharged and the discharge current 
gives an accurate indication of the 
capacity of the battery. 

Tests like these are useful when the 
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battery is used for normal applications 
that draw normal currents. Unfortu- 
nately, this is not true for a number of 
applications; electronic flash devices, 
for instance, draw fairly large currents. 
And they are not the only ones. 

Many batteries, such as dry alkaline 
manganese and rechargeable metal 
hydride types, cannot handle large 
discharge currents. Nickel-cadmium 
batteries can, provided they are in 
good condition. The reason for this dif- 
ferent behaviour lies in the internal 
resistance of the battery. That of a 
Ni-Cd battery in mint condition is very 
low, whereas that of an alkaline man- 
ganese type is high, as is that of a 
nearly discharged Ni-Cd type. 

The present circuit serves to mea- 
sure the internal resistance of a battery. 
It does so by monitoring how well the 
battery is able to follow rapid varia- 
tions in the discharge current. This 
does not give an accurate indication of 
the capacity of the battery, but it does 
give a good idea of the condition and 
quality of the tested battery. 


TEST METHOD 

A test with a large, constant discharge 
current does not suffice to get an idea 
of the quality of the battery, since it 
does not show how the battery reacts 
to variations in the load current. It is 
only when the terminal voltage of the 
battery is measured under rapidly 
varying load current conditions that a 
good picture will emerge of how the 
battery reacts. The way to do this is to 
test a new battery (or one of proven 
good quality) and note the measure- 
ment results. Test results on other, 
probably older, batteries can be com- 
pared with those of the new battery 
from which clear conclusions may be 
drawn. 

The terminal voltage is measured 
with acommon or garden digital mul- 
timeter. The varying load is provided 
by the present arcuit. The load current 
consists of two parts: a 1A direct cur- 
rent and a 100 mA alternating current. 
The frequency of the alternating cur- 
rent is 50 Hz, since both the battery 
and the multimeter can handle this 
without any problem. 

The internal resistance is calculated 
by simply multiplying the meter read- 
ing (with the multimeter in the rele- 
vant a.c. range across the battery ter- 
minals) x 10. 


CIRCUIT DESCRIPTION 
The circuit in Figure 1 consists of two 
parts: a current source via which the 
battery is discharged and a generator 
that controls the current source. 

The generator is based on opera- 
tional amplifiers ICa and ICyp. Since 
only the amplitude of the generator 
output is of essence, and not its shape, 
the oscillator is a straightforward tri- 
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IC1 = TLC274 
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(A> av imi 
OVS 
CP wa C> ove 








Figure 1. The circuit con- 
sists of two main sec- 
tions: an alternating-volt- 


angular type. The 
output voltage may 
be set, within certain 
limits, with P4. The 
triangular-shaped 
voltage at the output of IC 4, is shaped 
by low-pass filter Re-C3 into roughly a 
sine wave. 

The near-sinusoidal voltage is 
Superimposed on to a direct voltage. 
This is done by linking the -ve input 
of 1C;, and the +ve input of IC4p to 
the junction of Rj and R3 instead of to 
earth as is usual. The voltage at the 
junction is about +4 V. 

Potential divider Re-Rı2 reduces the 
generator output to a direct voltage of 
about 47 mV with superimposed on it 
an alternating voltage of 47 mV. This 
complex signal is applied to current 
source 1Ci--T7. The battery, connected 
to terminals +bat and -bat, is dis- 
charged via the drain-source junction 
of transistor T; and resistor Rg in the 
rhythm of the generator signal that 
drives the gate via op amp IC. The 
potential at the +ve input (pin 10) of 
IC1_ is equal to the voltage across Rg, 
so that a direct current of 1A and a 
pulsating one of 100 mA is drawn from 
the battery. Capacitor C4 improves the 
Stability of the current source and sup- 
presses any oscillations. 

The circuit based on IC;g is a sim- 
ple indicator network that prevents 
any measurement errors. Note that 
diode D4 lights only when the voltages 
at pins 13 and 14 of IC;g are equal or 
very nearly so. At the onset of the 
measurement, it should be ascertained 
that this diode lights to prevent a flat 
battery being confused with one with 
a low internal resistance. In case of a 
flat battery, the current is small, so that 
the potential at pin 13 is low. The out- 


age generator (IC, and 
ICip) and a current source 
(ICic and T}). 


put of the op amp Is 
then high, so that the 
voltages at pins 13 
and 14 are not equal 
and the diode does 
not light. 

Power for the circuit is provided by 
a standard 12V mains adaptor con- 
nected to K4. The current drawn from 
the adaptor remains small: about 
8.5 mA. Voltage regulator IC» converts 
the adaptor output into a stable 9V 
direct voltage. Diode D> prevents any 
mishaps if the mains adaptor were 
connected with wrong polarity. 


CONSTRUCTION AND 
CALIBRATION 

The impedance meter is best built on 
the printed-circuit board shown in Fig- 
ure 2, which is not available ready 
made. 

It makes sense to start with build- 
ing the power supply and checking 
that the potential across Cs is 9V. Next, 
complete the circuits around IC} and 
IC yp, set P4 to its centre position and 
verify with a multimeter or oscillo- 
scope that the voltages at various 
points are in line with those specified 
on the circuit diagram. Make sure that 
the meter is set to the correct range 
(a.c. or d.c.) for each measurement 
and, if an oscilloscope is used, bear in 
mind that 470 mV rms has a peak-to- 
peak value 2.8 times larger. 

Build the remainder of the circuit 
and connect a 1.5V battery to the bat 
terminals, whereupon Dj should light. 
If it does not, there flows insufficient 
current through Rg, which means that 
the entire current source should be 
inspected thoroughly. 

Connect the multimeter, set to the 
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Figure 2. The printed- 
circuit board guaran- 
tees construction 
without problems. 


relevant a.c. range, 
across Rg and adjust P4 
for a reading of 47 mV, 
that is, 1/10 of the resis- 
tance value. Set the 
meter to the relevant d.c. range and 
check the direct voltage across Rg, 
which should be about 500 mV. The 
exact value is not important. 

Finally, measure the frequency of 
the alternating current. If all is well, 
this should be about 50 Hz, but again, 
this is not terribly important: 25 Hz or 
100 Hz will do as well. Note that the 
frequency is affected by the position 
of Py. 

Although the internal resistance of 
a battery is measured quite quickly, 
transistor T4 will not become unduly 
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warm. Nevertheless, it 
it is advisable to mount 
it on a small heat sink. 

Housing the meter 
In a Suitable enclosure 
IS a matter of personal preference 
which, in view of the modest dimen- 
sions of the board, will not prove too 
difficult. 

Heavy-duty, insulated circuit wire 
(red for the +ve terminal and black for 
the -ve one) terminated in suitable 
clips should be used for connecting the 
battery to the meter. 

A photograph of the completed 
Impedance meter is shown in Figure 3. 


USAGE 
Connect a battery to the bat terminals, 


Parts list 


Resistors: 
Ri, R3, Re =p? kQ 
Ro, Ro Z 10 kQ 
2 kQ 
100 kQ 
220 Q 
0.47 9,5 W 
Rio = 2.2 MQ 
R11 = 3.9 kQ 
Ri = 1.8 kQ 
P, = 47 kQ preset potentiometer 


Capacitors: 
Ci, Ce = 10 uF, 63 V, radial 
= 0.22 uF 
2.2 UF, 16 V, radial 
10 uF, 63 V 


Semiconductors: 

Dı = LED, low current 
D> = 1N4001 

Tı = BUZ10 or BUK455 


Integrated circuits: 
IC; = TLC274 
IC> = 7809 


Miscellaneous: 

Kz = mains adaptor connector 
Heat sink for T4 

Connecting cables (see text) 





check that D, lights, and shunt the 
battery with a digital voltmeter or 
multimeter set to the appropriate a.c. 
range. The meter readings are best 
compared with those obtained with a 
battery Known to be in mint condi- 
tion. The value of the internal resis- 
tance in ohms is the value of the mea- 
sured alternating voltage in volts 
divided by 10. 

The meter may also be used 
to determine the contact resis- 
tance of battery holders and con- 
necting leads. Contact resistances 
adversely affect the performance 
of a battery. First, measure 
directly on the battery, then on 
the terminals of the battery 
holder, and finally at the far end 
of the connecting wires. This will 
show quickly where the largest 
losses occur. 

[980027] 


Figure 3. It is advis- 
able to mount T; ona 
heat sink. 
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RS232 interface 
with fibre optic links 


When in 1870 John 
Tyndall, an Irish 
physicist working in 
the USA, showed 
that light can be 
guided, he could 
not have foreseen 
that little over a 
century later an 
increasing propor- 
tion of the world’s 
communications 
would be carried 
by fibre optic 
cables. Now, fibre 
optics finds application not only in vast telecommu- 
nication systems all over the world, but also in the 
home (hi-fi system, cable television). The RS232 
interface presented in this article enables a com- 
puter to be connected to a variety of peripheral 
equipment via fibre optic cables. 





Brief specification 

Carrier fibre optic cable 
Input levels CMOS, TTL or RS232 
Output level RS232 
Supply line 5 V regulated 


Current drain (each interface) 45 mA 
Maximum data rate 115,200 symbols 
Interface connectors sub-D 25 
Number of fibre optic cables 2 
Maximum length of cables 2-3 metres 





Design by T. Giesberts 


A” 





The serial interface is used to connect a 
host of peripheral equipment to a com- 
puter and enables relatively large dis- 
tances to be bridged. The RS232 inter- 
face described in this article is con- 
nected to the serial port of a computer 
and provides, apart from the well- 
known advantages, the further benefit 
of electrical isolation through the use of 
fibre optic cables. 

Depending on the control system in 
use (no handshaking via hardware sig- 
nals, but via the Xon/Xorr protocol) ser- 
ial links enable a duplex connection to 
be established with only three electrical 
signals. If use is made of light signals, 
only two channels are required for data 
communication, and this is the basis of 
the present article. 

Each of the data channels, TxD and 
RxD, requires its own dedicated fibre 
optic cable, which ensures complete 
electrical isolation between two com- 
puters or between a computer and a 
peripheral unit. 

The arrangement entails for all elec- 
trical handshake signals (RTS, CTS, DTR, 
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Figure 1. By appropri- 
ately interlinking the 
hardware handshake 
Signals, a serial con- 
nection may be 
reduced to just three 





Figure 2. If the com- 
puter has a 9-way ser- 
ial connector, a suit- 
able adaptor as shown 
here must be used. 


wires. 


DSR and DCD) to be intercepted by the 
interface, which is effected by links on 
the connectors. It also requires a suit- 
able software protocol to be chosen. 

Figure 1 shows how a practical, ser- 
ial Xon/Xorr Communication may be 
established. If the computer is 
equipped with a 9-way connector 
instead of a 25-way one (on which the 
present circuit is based), a simple adap- 
tor must be used. Figure 2 shows how 
a suitable one may be fabricated. 


SIMPLICITY IS THE 
WORD 

Not only is the design of the interface 
straightforward, but the optical parts of 
the circuit have also been kept fairly 
simple. This has resulted in a commu- 
nication system without special coding 
techniques, which means that each 
data channel needs its own fibre optic 
carrier. It would have been possible to 
use only one fibre optic cable, but this 
requires a complex method of modula- 
tion, which in the present circuit was 
not felt justified. Also, the additional 
cost of a suitable modem (modula- 
tor/demodulator) would be well in 
excess of the cost saving on one fibre 
optic cable. 

In spite of its simplicity, the inter- 
face may be used with virtually any 
serial connection. On the basis of rele- 
vant manufacturer’s specifications, the 
interface may be used even with the 
highest current bitrate of 115,200 sym- 
bols*. 


* In modern data communications, the symbol is 


now commonly used to replace the baud as the 
unit of transmission rate. Like the baud, a symbol 
may (and frequently does) represent more than 
one data bit. 
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THE DESIGN 

The circuit diagram of the interface is 
shown in Figure 3. Signals RTS and CTS 
and DTS, DSR, and DCD, are interlinked 
on connector K4. This arrangement dis- 
ables the entire hardware handshaking 
procedure. All that remains are data 
signals RxD (pin 3) and TxD (pin 2), 
and these signals are applied directly 
to IC3. 

Integrated circuit IC} contains two 
RS232 drivers, two RS232 receivers, 
and an integral voltage converter. The 
converter enables the interface to work 


3 5V (4) 


4 
19 








C3 


Foon 


IC3 7 

R1 p 3 
io | 
mere | 
el 


from a5 V supply line. 

While IC3 arranges the conversion 
of RS232 levels to TTL levels, IC; and 
IC, arrange the transformation from 
TTL signals to optical signals and vice 
versa respectively. 

Circuits IC, and IC, are well known 
in the audio world, since they are nor- 
mally used in digital audio equipment 
fitted with optical connectors. They are 
coupled to fil- 
ters that sup- 
press any rf. 
signals, which 


the interface is 


fibre optic cables. 


5V4) 


R1 


407 


IC1 
TOTX173 


IC2 
TORX173 
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Figure 3. The design of 


straightforward. Serial 
signals TxD and RxD 
are carried by separate 
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Parts list 
Resistors: 
Ri = 4.7 Q 
Rə = 8.2 KQ 


Capacitors: 

C,—-C3 = 0.1 uF, ceramic 
C, = 4.7 uF, 68 V, radial 
C5 = 220 uF, 25 V, radial 


Inductors: 
L, = 47 uH 


Semiconductors: 
D4 = 1N4002 


Integrated circuits: 

IC, = TOTX713 (Toshiba) 

IC» = TORX173 (Toshiba) 

IC, = ADM233LJN (Analog Devices) 
or MAX233 (Maxim) 

IC, — 7805 


Miscellaneous: 

K; = 25-way female D-connector, 
right-angled, for board mounting 

PCB Order no. 980042 (see Readers 
Services towards the end of this 
issue) 





might mutilate the data. 

The optical link and the fibre optic 
cables to be used are readily available 
since they are identical to those used in 
good-quality audio equipment. 

Since the interface draws a relatively 
high current (about 45 mA), it has been 
provided with a dedicated power sup- 
ply. This is fed by a 12 V mains adaptor, 
and consists of capacitors C4 and Cs, 
diode D}, and voltage regulator IC4. 
Diode D4 merely protects the supply 
against polarity reversal. 


CONSTRUCTION 

The interface is best built on the 
printed-circuit board shown in Fig- 
ure 4, but before any construction is 
started, the board must be cut into two 
as indicated. The resulting two identi- 
cal boards enable a complete fibre optic 
link between two computers or 
between a computer an a peripheral 
unit to be established. 

Except for IC}, all components are 
to be soldered directly on to the rele- 
vant board. Mind the polarity of the 
diode and the electrolytic capacitors. 
Also, take care not to confuse IC; with 
IC, and vice versa. Although these 
devices look very similar, they are not 
interchangeable! 

Before soldering the pins of K,, the 
connector should be fastened on the 
board with two screws, nuts and wash- 
ers. This procedure prevents any 
undue mechanical stresses. 

When all soldering has been com- 
pleted, the interfaces are ready for use. 
Connect them, together with the fibre 
optic cables in a serial link and select 
the correct protocol for both the driver 


Elektor Electronics 5/98 


Figure 4. The printed-circuit board for the two interfaces must be cut 
4 into two before any work is started. 


and the receiver (Xon/Xorp). 

Note that each interface needs its 
own power supply, that is, two mains 
adaptors are needed. Since each inter- 
face draws a current of about 45 mA at 
an input voltage of 9-12 V, it may be 
possible to derive power from the 12 V 
supply in the computer. 

Switch on the supply to the inter- 
faces. If all is well, the serial link will 
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work as before, but the electrical con- 
nection has successfully been replaced 
by an optical one. 

[980042] 








L-cv0086 


980042-1 
(C) Segment 


Figure 5. Photograph of the completed 


prototype. The fibre optic cables enable 


communication at a data transmission 


rate of 115,200 symbols. 














PICXEX 








an operating system 


for PIC16C 7x processors 





Today most electronic 
enthusiasts realise 
that software-based 
control circuits offer 
certain advantages 
over their hard-wired 
counterparts, but... 


Figure 1. Task 
Executive. 


for me the big question was how to 
progress from that first piece of soft- 
ware that flashed an LED (my wife 
could not understand the euphoria) to 
that ‘real’ application I always wanted 
to implement on a microcontroller. 


After a lot of code writing, debugging 
and (re)burning of chips the system 
was doing more or less what it was 
intended to do, but I was beginning to 
have doubts about ease-of-use of soft- 
ware-based systems. Still, the idea of 
using software appealed to me and it 
was back to the drawing board. 


WHY AN OPERATING 
SYSTEM? 

It is a well known fact that one of the 
most successful methods of system 
design is to break the problem down 
into smaller, simpler, tasks. These parts 
or tasks must now be coded, keeping in 
mind that to function as a system their 
execution must be co-ordinated. Some 
must be executed at predetermined 


By L. Legrange 
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TIME 
EXIT 


intervals, others at a particular event or 
state, and the rest at a rate fast enough 
to give real-time results. In most micro- 
controller applications, considerable 
programming effort is spent on the 
code that controls/regulates the execu- 
tion of the code that makes up the 
actual application. Sometimes these two 
code types are so interlocked that no 
clear borders exist. This situation com- 
plicates debugging in all but the very 
small software applications. PICXEX is 
an effort to solve this problem. Despite 
its simplicity and size it turned out to be 
an enabling-tool for those ‘real’ micro 
controller applications. 

With hardware borrowed from a 
friend and lots of encouragement 
from the same gentleman, PICXEX 
was implemented on a PIC16C73 
from Microchip using their MPASM 
assembler and MPSIM simulator. The 
code uses about 140 program loca- 
tions, 4 registers and you loose one 
level of the stack. PICXEX is simplicity 
itself and the idea can be applied to 
other microcontrollers with ease. If 
you have an existing assembly lan- 
guage based application using any of 
the PIC16C7x range you can probably 
apply PICXEX to your code without 
major software surgery. 





EXECUTE ALL 
ACTIVE TIME 
TASKS 


GOTO CURRENT 
ENTRY POINT 


EXECUTE ALL 
ACTIVE EVENT 
TASKS 


SERVICE 
WATCHDOG 


ENTRY POINT = 0 
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UNDER THE HOOD OF 
PICXEX 
The basic idea is that you have 16 
CALL instructions, each associated 
with a bit (flag). If a flag is set then its 
CALL instruction is executed, other- 
wise it is skipped. This provides a 
mechanism to selectively execute the 16 
subroutines referred to as “tasks”. The 
flags of 8 of the tasks, called the Event- 
Tasks, are set/reset by any of your code. 
So you can activate and deactivate 
Event tasks if and when required. The 
flag bits associated with the other 8 
tasks, the Time-Iasks, are set by a 
scheduler routine at time-intervals you 
select, and thus we have Time-lIasks 
that are being executed at regular time 
intervals. 

PICXEX consists of two sections, the 
Task-Executive and the Time-Task 
Scheduler. 


Task Executive 
Figure 1 is a flowchart of the Task Exec- 
utive. In the first section all Time-Tasks 
with their flag bits set are executed. If 
the Scheduler sets the flag for a partic- 
ular Time-Task every 20 ms. the Task 
Executive will oblige and execute that 
task on average every 20 ms. 
Event-Tasks are executed in a similar 
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way. Flags of Event-Tasks are manipu- 
lated by any application code, i.e., 
other tasks, interrupt service routines, 
etc. by using the macro's 
XEX_ON_EVENT and 
XEX_OFF EVENT: 


Time-Task Scheduler 
The Scheduler is in the form of a sub- 
routine that must be called at regular 
intervals from a timer interrupt service 
routine. Every time this routine 
(SCHED00) is executed it takes the next 
entry from a ‘circular’ lookup table and 
loads (actually logic ORs) this ‘mask’ 
into the register that holds the activa- 
tion flag bits for the 8 Time-Tasks. See 
Figure 2 for a functional diagram of the 
Scheduler. If we provide for 20 entries 
in the Scheduler lookup table, and 
arrange to execute the Scheduler every 
10 ms., then every 10 ms another 
‘mask’ will be loaded into the register 
holding the eight Time-Task flags. So 
by setting bit 0 in each of the 20 masks 
Time-Task number 1 will be executed 
every 10 ms, or if bit 0 is set in every 
alternative mask, then Time Task num- 
ber 1 will be executed every 20 ms, etc. 
With a 20-mask table, and if you call 
SCHED00 every 10 ms you can select 
any of the following execution periods 
for individual Time-lasks by setting the 
appropriate bits in the masks: 

10, 20, 40, 50, 100, or 200 ms. 
A good idea is to ‘spread’ your bits. If 
you want to execute more than one 
task at, say, 40 ms, then do not set their 
associated flag. bits in the same masks. 
This way you can even-out your 
processor load. 


UsiInGc PICXEX, THE 
BASICS 

As PICXEX is not part of your applica- 
tion code it is straightforward to apply. 


Make your application tasks in the 
form of subroutines. The 
subroutine names are 


Figure 3. Setpoint Sta- 


SCHED-COUNT 


also the task names. 

Arrange for a timer interrupt service 
routine to include a ‘call SCHEDO0’ 
instruction so that the Scheduler sub- 
routine is executed every 10 ms. 
Include code after your start-up initial- 
ising code to set the active flags of the 
Event-Iasks you want running at start- 
up, and to pass control to the Task- 
Executive of PICXEX. Listing 2 is an 
example. That final “goto Main_00’ 
instruction is very important. 

PICXEX contains a ‘configuration’ file 
where you specify task names, the 4 
registers used, timing information for 
Time-lasks (in the form of masks) and 
the number of masks. Listing 1 is a 
copy of PICXEX’s configuration file as 
used in the application example dis- 
cussed later in this article. 


Usine PICXEX, 
GENERAL GUIDELINES 
Divide the application into simpler func- 
tions/processors. The time-independent 
functions will be Event-Iasks, and the 
ones that require execution at specific 
intervals the Time-Tasks. 

Keep Interrupt Service Routines short. 
Use interrupts to gather and dispatch 
data, and to register 
events. Processing 
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Figure 2. Time-Task 
Scheduler. 


data and events is the responsibility of 
the tasks. Remember PICXEX is igno- 
rant of any interrupts while it is hap- 
pily going about its way executing 
tasks. Interrupt service routines, and all 
that goes with them, are your respon- 
sibility. After all you also are entitled to 
some of the fun. 

The format to use for tasks. Both Event 
and Time-Tasks must be in the form of 
subroutines. That is, they start with a 
unique name and have one or more 
‘RETURN’ instructions. Use the macro 
XEX_RETURN, which is equivalent to 
the return instruction, but gives a clear 
indication in the listing of where you exit 
a task to return to the Task Executive. 

Avoid any but the shortest delay 
loops inside a task, it will delay other 
tasks from getting executed. With 
PICXEX you now have far more ele- 
gant ways to implement delays. 

The size of a task. Keep Event and 
Time-Tasks to a size and functionality 
that will ensure an execution time of 
about 2 ms. This is enough time to 
block-write 8 bytes to a serial EEPROM, 
and if you use an 8-MHz clock, more 
than enough instructions to do a PID 
routine using floating point maths. 


SPEED 
SETPOINT 


WORD01 
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LISTING 1 


; Define start of task code here. 


; leave as is at 0. 


#DEFINE TimeTask1l 

#DEFINE TimeTask2 0 E 
#DEFINE TimeTask6 0 > 
#DEFINE TimeTask7 0 : 
#DEFINE TimeTask8 0 ? 
#DEFINE EventTaskl 0 ; 
#DEFINE EventTask2 0 ; 
#DEFINE EventTask3 SETP_STATION 
#DEFINE EventTask6 0 e 
#DEFINE EventTask7 Debug 
#DEFINE EventTask8 PERF PROC ; 


For unused tasks 


APP TIMERS ; service task for timer modules 
TimeTask2 code label 


TimeTask6 code label 
TimeTask7 code label 
TimeTask8 code label 


EventTaskl1 code label 
EventTask2 code label 


; setpoint station 


EventTask2 code label 
; Debug tool 


Performance Processor 


; registers in BankO used by operating system 


; TIME TASK STATUS EQU 0 
; EVENT TASK STATUS EQU 0 
; EVENT TASK ENTRY EQU 0 
; SCHED COUNT EQU 0 


e 
v 


; event-task 


e 
1 


e 
J 


time-task active flags 
active flags 
entry point 


counter 


task loop 
Scheduler 


; definitions for Scheduler look-up masks 


B’00000001’ 
B’00000000’ 
B’00000000’ 
#DEFINE Mask4 B’00000000’ 
#DEFINE Mask5 B’00000000’ 


Maskl 
Mask2 
Mask3 


#DEFINE 
#DEFINE 
#DEFINE 


#DEFINE Mask17 B’00000000’ 
#DEFINE Mask18 B’00000000’ 
#DEFINE Mask19 B’00000000’ 
#DEFINE Mask20 B’00000000’ 


SET D’20’ 


NR_OF MASKS 





One last thing, there is a clear- 
watchdog-timer instruction (clrwdt) at 
the bottom of the Event-Task section to 
guard against getting stuck in some 
task’s code. If you follow the guidelines 
given above for task lengths etc. the 
nominal time-out period of 18 ms, 
(with no prescaler) is fine. 


USING PICXEX; AN 

APPLICATION EXAMPLE 
The best way to get familiar with 
PICXEX is to study a working appli- 
cation. The following describes sec- 
tions of a working system, showing 


LISTING 2 


lÁ 
1 
e 
J 
e 
1 


e 
1 


1 


, no. 


> Mask 1 
> Mask 2 
Mask3 
Mask4 
Mask5 


> Mask10 


Mask 17 
Mask 18 
Mask 19 
Mask 20 


of scheduler masks 


some of the possibilities when using 
PICXEX with the PIC16C73 micro- 
controller. The source code for the 
tasks described, system support utili- 
ties, function module macros, and 
PICSCOPE are supplied on the pro- 
ject disk to allow a working system to 
be assembled. When running this 
application on the MPSIM simulator 
keep in mind that the output from 
the Performance Processor (see 
Event-Task 8 description below) is 
updated every 2 seconds and this 
could mean a long wait. Task alloca- 
tion is as follows. 


clrf TIME TASK STATUS 
clrf EVENT TASK STATUS 
clrf EVENT TASK ENTRY 
clrf SCHED COUNT 
XEX ON EVENT 3 

goto Main 00 
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ensure no Time-Tasks active 
ensure no Event Tasks active 


reset Event-Task loop entry-point 


clear Scheduler mask selector 
start with Event-Task 3 on 


make it fly! 


Time-Task 1. 

Application Timer Handler to service 
function module timers, executed 
every 100 ms. Timing periods available 
are in the range 0.1 to 6.4 seconds. 


Event-Iask 3. 

Setpoint Station implemented using 
function module programming. See 
Figure 3. This method of programming 
is quick to implement and easy to 
debug. A 16 Bit counter, function mod- 
ule 3 11, is incremented or decre- 
mented by two input keys each with 
an auto-repeat function if the key is 
operated for longer than 0.65 seconds. 
The MANUAL state interlocking 
ensures that the setpoint can only be 
changed during manual mode. The 
counter output is limited between 50 
and 350. Notice the function code 
modules are numbered according to 
task number and execution sequence. 
These same numbers are used as labels 
in the source code to mark where the 
particular function module starts. 


Event-Task 7. 

Debug Tool. This task is a valuable aid 
when debugging function module 
applications. Together with 
ASYNCHO03 (a serial port message han- 
dling utility) and PICSCOPE (PC based 
software) you can monitor and write 
PIC’s registers in bit, byte, word, and 
floating point format. 


Event-Task 8. 

Performance Processor. Also imple- 
mented with function modules, this task 
will calculate how many times it is get- 
ting executed per second. With PIC- 
SCOPE it is now a simple exercise to 
monitor this value and see how busy 
your system is. Below 60 you can expect 
the PIC’s internal watchdog to time-out. 


FOOD FOR 
PROGRAMMERS 
All programs, source codes files, 
macros and utilities mentioned in this 
article, except Microchip’s (free) 
MPASM and MPSIM, are available on 
a floppy disk, available from the Pub- 
lishers as order code 986017-1. 

(980034-1) 
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The home automation 
modem Type 
TDA5051A is an inte- 
grated circuit specifi- 
cally designed for 
amplitude shift keying 
(ASK) transmission 
via the domestic 
mains supply (US: 
household AC sup- 
ply), ata data rate of 
600 or 1200 sym- 
bols*. It operates from 
a single 5 V supply. 


Main characteristics 


1 DGND AGND VDDA VDDD 


1 3 


DATA CONTROL LOGIC 
CLKQUT ix 
OSC1 N E 

M OSCILLATOR +2 


OSC2 


2 1 
|e H> B 
DAC clock 
10 


filter clock 


H ome Automation 
M odem 





DRIVE 
WITH 
PROTECTION 


APGND 


TDA5051A 


PD 








DIGITAL 
BANDPASS 
FILTER 


DIGITAL 


DATAOUT DEMODULATOR 


TEST1 SCANTEST 


> Full digital carrier generation and shaping 

> Modulation/demodulation frequency set by adjustment of the inter- 
nal clock oscillator or an external clock (driven by microcontroller) 

» Digital-to-analogue converter (DAC) for rejection of aliasing com- 


ponents with high (6-bit) clock rate 


> Fully integrated output power stage with overload protection 
> Automatic gain control at receiver input 
> 8-bit analogue-to-digital converter (ADC) 


> Narrow digital filter 


> Digital demodulation providing baseband data 
> Compliance with EN50065-1 through simple interfacing network 
> Few external components for low-cost applications 


> SO16 plastic package 





* In modern data communications, the symbol 
replaces the baud as the unit of transmitted data. 
Likethe baud, a symbol may (and frequently does) 
reoresent more than one data bit. 





A Philips Semiconductors Application 
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FUNCTIONAL DESCRIPTION 

Both transmission and reception stages 
are controlled by the master clock of a 
microcontroller or by the the on-chip 
reference oscillator driven by a crystal. 
This ensures requisite accuracy of the 
transmitter carrier and exact trimming 








RXIN 


980048 - 11 


Figure 1. Block dia- 
gram of the Type 
TDA5051A integrated 
Home Automation 
Modem. 


of the digital filter, thereby making the 
performance wholly independent of 
application disturbances, such as com- 
ponent tolerances, temperature drift, 
supply voltage drift, and so on. 

The interface with the mains supply 
(US: household AC supply) is via a 
hybrid LC network. The output stage of 
the modem is capable of applying a 
120 dBuV rms. signal to a (typical) 30 Q 
load. 

To reduce current drain, the modem 
is disabled by a power-down (PD) 
input pin (15). When this happens, the 
on-chip oscillator remains active and 
the clock continues to be supplied via 
pin 4 (CLK oy). For low-power opera- 
tion in the receive mode, pin 4 may be 
controlled dynamically by the micro- 
controller (see Power-down mode later 
on). 


* For full details, see Data Sheet TDA5051A available from Philips Semiconductors or at 
http://207.87.1.43/acrobat/datasheets/T D A 5051A .pdf 
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Table 1. Pinning 





















































Symbol Description 

1 DATA digital data input (active logic low) 

2 DATAg yt digital data output (active logic low) 

3 Vopp Supply voltage for digital circuits 

4 CLKoyt clock output (fos¢/2) 

5 DGND ground (earth) for digital circuits 

6 SCANTEST test input (logic low in application) 

7 OSC1 oscillator input 

8 OSC2 oscillator output 

9 APGND ground for (analogue) power amplifier 
TXouT analogue signal output 
VDDAP supply voltage for (analogue) power amplifier 
AGND ground for analogue circuits 
VDDA supply voltage for analogue circuits 
RXIN analogue signal input 
PD power-down input (active logic high) 
TEST1 test input (logic high in application) 

When the modem is controlled by SO providing an easy connection toa 
the on-chip oscillator, the requisite standard microcontroller I/O port. 
crystal is connected between pins 7 The digital part of the modem is 
and 8. An external clock (microcon- fully scan-testable. Pins 6 and 16, 
troller driven by acrys- SCANTEST and TEST 
tal) is | connected Figure 2. Typical appli- respectively, are used 
between pins 5 and 7; | cation diagram of the for production tests; 
pin 8 must then be left | 7pA5051A Home these pins must be left 
open. Automation Modem open in the functional 

All logic inputs and | with power line isola- mode (correct levels 
outputs are compatible | tion and improved are defined internally 
with TTL/CMOS levels, | sensitivity. by pull-up and pull- 

2 250 V (AC) 


max 


+5 V 


MICRO- 
CONTROLLER TDA5051A TXOUT 
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MOV 100 Q 
250 V (AC) (0.5 W) 
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RXIN 10 nF 


BC547B 








DATA TEST1 
DATAQUT PD 
VDDD RXIN 
CLKQUT VDDA 
SEND TDA5051AT ene 
SCANTEST | 6 | VDDAP 
OSC1 TXOUT 
OSC2 | 8 | |9 | APGND 
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down resistors). 


TRANSMIT MODE 
The carrier frequency is generated by 
the scanning of a read-only memory 
(ROM) under the control of a micro- 
controller clock or the reference fre- 
quency provided by the on-chip oscil- 
lator: both methods provide the accu- 
racy required by environmental 
conditions. 

High-frequency clocking rejects the 









470 nF 
250 V (AC) 
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Table 2. Electrical characteristics 
Symbol 


Parameter 


Conditions 





TRANSMIT MODE 





fer carrier frequency 


fosc = 8.48 MHz 





toy set-up time of the shaped burst 


fosc = 8.48 MHz 





th hold time of the shaped burst 


fosc = 8.48 MHz 





tW(DI) (min) 


minimum pulse width of DATA, signal 


fosc = 8.48 MHz 





tWiburst)(min) 


Minimale BurstZeit 


fosc = 8.48 MHz 





Vo (eff) 


output carrier signal Z, = CISPR16 


DATAN = Low 





lo (max) 


power amplifier output current (peak value) | DATA) = Low 





Zo output impedance of the power amplifier 





Vo direct voltage output at TX,,, 














RECEIVE MODE 





Viceff) analogue input (r.m.s.) 





VI direct voltage at RX, 





RaGc automatic gain control range 





(AGC) 


automatic gain control time constant 


fosc = 8.48 MHz 





B det detection bandwidth 


fosc = 8.48 MHz 





BER bit error rate 


aliasing components to an extent 
which ensures that when they are fil- 
tered by the interfacing LC network, 
they do not cause any significant dis- 
turbance. 

The data modulation is applied 
through pin 1 (DATA,,) and applied 
smoothly by specific digital circuitry to 
the carrier (shaping). Harmonic com- 
ponents are limited in this process, 
thus avoiding unacceptable distur- 
bance of the transmission channel (as 
laid down in Recommendations 
CISPR16 and EN50065-1). Total har- 
monic distortion is attenuated by 
55 dB when a typical LC interfacing 
network is used*. 

The digital-to-analogue converter 
(DAC) and the power stage are set to 
provide a maximum signal level of 
122 dBuV r.m.s. at the output (pin 10). 

The output of the power stage, pin 
10 (TX,y7) Must be connected at all 
times to a decoupling capacitor, since a 
direct voltage of 500 mV ,,, exists at this 
pin, even when the modem is not 
transmitting. The pin must also be pro- 
tected against overvoltage and nega- 
tive transient signals. The direct volt- 
age referred to may be used to bias a 
unipolar transient suppressor. 

Direct connection to the mains sup- 
ply (US: household AC supply) is via 
an LC network for low-cost applica- 
tions. However, when power line insu- 
lation has to be ensured, a suitable rf. 
transformer should be used. 

N ote that in the transmission mode, 
the receiving part of the modem is not 
disabled and the transmitted signal is 
detected normally. In this mode, the 
gain chosen before the onset of the 
transmission is stored and the a.g.c. is 
set internally to -6dB as long as 
DATA,, islow. When this is not so, the 
previous gain setting is restored auto- 
matically. 
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fosc = 8.48 MHz 








RECEIVE MODE 

The input signal received by the 
modem is applied to a wide-band 
Input amplifier with automatic gain 
control, AGC, from -6 dB to +30 qB. 
This arrangement improves the noise 
performance and provides a means for 
signal level adjustment to ensure max- 
imum sensitivity of the 8-bit ADC. 

Subsequently, the signal is passed 
through the ADC and a digital band- 
pass filter so as to meet the CISPR nor- 
malization and to comply with some 
additional limitations in current appli- 
cations. After digital demodulation and 
pulse shaping, the baseband data sig- 
nal is available at pin 2 (DATApyz). 

Pin 14 (RX,,,) is a high-impedance 
pin that has to be protected and d.c. 
decoupled for the same reasons as 
pin 10 (TXour). The high sensitivity at 
the input (82-122 dBuV) makes the use 
of a 50 Hz (US: 60 Hz) rejection filter - 
formed by theLC interfacing network 
-a must. This filter also serves as an 
anti-aliasing filter for the internal digi- 
tal processing. 





POWER-DOWN MODE 
The power-down input, pin 15 (PD) is 
active high; this means that the current 


VODE} 


(T) bwo = bwoerin 


f 1 
(2) iDm = teu + T 


(3) Wwworemiey E leu. WRONG Operation 








drain is a minimum when the pin is 
high. When this is so, all functions, 
apart from the clock oscillator, are then 
disabled. 


DATA FORMAT 

Transmit mode 

The data input, DATA,,, is active low, 
which means that a burst is generated 
on the line (TX, ;) when pin DATA, is 
low. 

Pin TXouzr isin the high-impedance 
State as long as the modem is not trans- 
mitting. Successive logic 1s are treated 
IN anon-return to zero (NRZ) mode. 





R eceæive mode 

The data output, pin DATA, y7, is active 
low, which means that the data output 
is low when a burst is received. The 
pin remains low as long as a burst is 
received. 


Figure 3. Representa- 
tive relationship 
between DATA,, and 


TXourt: 
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Video Copy Processor 
Dear Editor — having read your 
excellent magazine for a num- 
ber of years, I’ve occasionally 
attempted the odd project. My 
latest venture was the Video 
Copy Processor of November 
1997. Having assembled the 
components and soldered them 
in position with the diligence of 
a brain surgeon, lo and behold 
it worked perfectly first time 
around (rare for me). While 
demonstrating it (not without a 
certain amount of panache) to 
my son, he informed me (not 
without a certain amount of 
Schadenfreude) that he had 
been copying (legally | hope) 
for years using his modern 
VCR and my old (discarded) 
top-loader to record with, with 
very watchable results. Maybe 
some of your buffs could 
enlighten me as to this phe- 
nomenon. Meanwhile anyone 
want to buy a little used Video 
Copy Processor? Kids, who'd 
have them! 

M. Fitzgerald, Limerick 


Many thanks for your letter, and 
congratulations on success- 
fully building this project. 

As we already explained in the 
earlier (1988) article on 
Macrovision, many older VCRs 
are not bothered at all by copy 
protection signals, so again it 
seems wise not to bin ‘obso- 


We can only answer questions or remarks of general interest to our readers, con- 
cerning projects not older than two years and published in E lektor Electronics. 
In view of the amount of post received, it is not possible to answer all letters, 
and we are unable to respond to individual wishes and requests for mod- 
ifications to, or additional information about, E lektor Electronics projects. 





lete technology’. Briefly, the 
‘phenomenon’ you have wit- 
nessed is caused by the sync- 
flywheel circuit available in 
your son’s old top-loader VCR. 
The flywheel circuit was origi- 
nally intended to overcome pic- 
ture instability as a result of 
tape speed variation and other 
tracking irregularities. Modern 
VCRs have much better tape 
Speed control, use better 
tapes, and hence do not need 
the old flywheel system. How- 
ever, aS you have seen, it Is 
still very useful! 


EPROM Programmer 
Dear Editor — | have just built 
the EPROM Programmer fea- 
tured in your March 1997 
issue, and want to inform you 
about a problem | encountered. 
| made my own PCB for this 
project and used locally 
obtained parts. 

During the first test | got the 
message “wrong hardware”. 
Selecting ECP, EPP or indeed 
any other printer port mode 
made no difference. | examined 
the operation of the board step- 
by-step using BASIC but could 
not find any error in the hard- 
ware. Using BASIC | was able 
to manually control the parallel 
port register. 

These tests took a lot of time. 
Finally, when | had the register 
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bits set in the right order, | was 
ready to go from BASIC direct- 
ly to Windows. | did not believe 
my eyes, the board worked. 

| have now solved the problem 
using this very small BASIC 
program: 


‘Set LPTl 

‘in bidirectional mode 

OUT &H378 + &H402, 32 + 21 
OUT &H378, 32 


When I run this program before 
PROMMER.EXE, the EPROM 
programmer works as expect- 
ed. For your records, the moth- 
erboard in my computer is a 
Pentium P51430VX-250 
Explorer. What is the actual 
source of the problem | have 
stumbled on? Is it poor stan- 
dards for the parallel ports, or 
a deficiency in your software? 

Sved Martinsson (by email) 


On this (extremely popular) 
project we received a number 
of enquiries similar to yours. 
As far as we have been able to 
discover, the problem may be 
caused by non-standard ini- 
tialisation of the EPP port 
mode at the BIOS level. None 
of our prototypes gave evi- 
dence of this, however, and 
obviously it’s just not possible 
to test the project using each 
and every PC motherboard 
available on the market! We are 
grateful for being able to print 
your BASIC program because 
it may helpful to other readers 
experiencing communication 
problems with the EPROM pro- 
grammer. 

(See also ‘Unidirectional Ver- 
Sion of EPROM Programmer’, 
Elektor Electronics September 
1997, p. 72) 


Software 

| have been wondering for 
some time now why it is not 
possible for subscribers to your 


magazine to automatically 
receive the software with pub- 
lished designs. | refer to soft- 
ware for stand-alone programs 
as well as for controllers. This 
occurred to me because 
although you publish designs 
for programmers, it is not pos- 
sible to use the very same 
designs for subsequent pro- 
jects based on microcon- 
trollers, which, alas, | can only 
obtain ready-programmed 
through your valued Readers 
Services, or a kit Supplier. 
| was thinking along the lines 
of a ‘extra-value’ subscription, 
Slightly dearer than the normal 
Subscription but with the pub- 
lishers automatically supplying 
the requisite software. Of 
course, this could be imple- 
mented using the Internet. 
‘Extra-value’ subscribers would 
then receive a key (digital code) 
allowing them to once down- 
load the software from an Inter- 
net site. 
| hope you will at least consid- 
er my suggestion. 

G. Bouland 


Thanks for your constructive 
criticisms. To us, software 
development is a very time- 
consuming activity and there- 
fore often left to free-lance 
contributing authors, who 
negotiate and receive remu- 
neration for each copy sold. 
Unfortunately this remunera- 
tion system is hard to imple- 
ment in your ‘extra-value’ 
Subscription scheme, although 
offering or selling software via 
the Internet is, we feel, a viable 
option. Unfortunately, existing 
payment systems are not (yet) 
attractive when it comes to 
Selling relatively low-priced 
products in this way. 

For some time now we have 
been busy resolving the prob- 
lem of unobtainable source 
code files. These will be made 
available in those cases where 
(1) it makes sense to make 
source code files available to 
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our readers, and (2) the author 
has transferred the relevant 
file(s) and copyrights to us. 


Monacor/Monarch Parts 
Dear Editor — a fair number of 
recently published articles are 
based on components supplied 
by a company called Mona- 
cor/Monarch (or even Merca- 
tor). To date | have been unable 
to locate their representative in 
the UK and, indeed, any of the 
Monacor parts you specify. 
Where can | obtain these parts 
(mostly connectors, trans- 
formers and moving-coil 
meters)? 

F. Anderson, Ipswich 


By most standards, Monacor 
is a large supplier of electron- 
ic parts with distributors in 
nearly all European countries. 
Until recently, the parent com- 
pany, the German Inter-M er- 
cador GmbH, did not have an 
outlet in the UK. Fortunately, 
Monacor UK (Ltd) are now in 
business and can be reached 
on the following numbers: tel. 
(01908) 217100, fax (01908) 
217900. We should also men- 
tion that most Monacor com- 
ponents we refer to can be 
supplied as one-offs by two of 
our advertisers, Stippler Elec- 
tronics and C-| Electronics, 
mainly because they also carry 
kits for many of the projects 
featured in Elektor Electronics. 


Elektor Item Tracer 

Dear Editor — | recently 
ordered and received the Elek- 
tor Item Tracer (EIT). However 
| have not been able to run the 
program despite the fact that 
all files are present according 
to your checking program. 

| get the message ‘Cannot find 
MSA] T200.DLL’ when | try to 
run the program, and then the 
installation program terminates. 
| remember seeing something 
about this in a past issue but 
can not now locate the relevant 
issue. Please tell me how to get 
the missing file, preferably 
through the Internet. 

Michail Kalognomos, by email 
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This problem is simple to 
solve. Locate the file 
MSA] 1T110.DLL on your sys- 
tem, and rename it to 
MSAJT200.DLL. The EIT 
installer should then work 
properly. 

A few other readers have 
reported that the EIT will not 
launch after an otherwise suc- 
cessful installation. An error 
report ‘File not found’ then 
appears. Because this is a rare 
problem, we have been unable 
so far to discover the exact 
cause. A makeshift solution is 
to rename the file 
MSAJ7T110.DLL into 
MSAJ T112.DLL before running 
the EIT installer. 


Charging 
NiMH Batteries 
Dear Editor — | have a query 
on charging the new NiMH pen- 
light batteries from Philips. On 
the label it says that these bat- 
teries can be used in any 
charger. With a suspicious 
mind | called the Philips Con- 
Sumer Information Desk, only 
to be told that there was no 
danger of the batteries being 
damaged by over-charging. 
My actual questions to you are: 
| have a charger supplying a 
current of 50 mA. The NiMH 
batteries have a capacity of 
1100 mAh. How long should | 
leave them in the charger? | 
also have another charger with 
130 mA output capacity. How 
long should | leave it on to 
recharge my NiMH batteries? 
My questions may appear very 
Simple, but | am fully aware of 
the fact that the total amount of 
energy needed to charge the 
batteries is greater than the 
energy | can drain from them. 
| would also like to fully charge 
the batteries without any risk of 
over-charging. 

S. van Rhijn, Netherlands 


One of the major differences 
between NiCd and NiMH bat- 
teries is that the latter are 
Slightly less robust and less 
tolerant of high charging and 
discharging currents. The lat- 
ter fact is important for fast 
charging only. 
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One of the rules of thumb that 
also applies to NiMH batteries 
is that the charging current is 
1.4 to 1.5 times the specified 
Capacity. So, your 1100 mAh 
batteries will require a total 
charge of 1500 to 1650 mAh. 
In other words, you should 
charge them for 12 hours at 
130 mA, or for 32 hours at 
50 mA. 

For safe charging a charging 
period of 14 to 15 hours is 
commonly applied, using a 
Current equal to 1/10th of the 
battery capacity. So, your 130- 
mAh charger is almost the per- 
fect companion for these 
batteries. The one advantage 
of the 50-mAh charger is that 
it allows the batteries to given 
a much longer charge without 
any danger. Even continuous 
charging should be without risk 
at this low current. 


Electronic Code Lock 
Dear Editor — | wish to bring 
to your attention that the out- 
put NAND gate of the Electron- 
ic Code Lock (September 
1997) suffers to a small extent 
from contact bounce. | was 
able to prove this by adding a 
J K flip-flop set to ‘toggle’ state 
to the output. Ideally, this flip- 
flop should toggle at every 
pulse from IC2d. Unfortunate- 
ly, the application of a NAND 
gate with Schmitt trigger inputs 
iS no guarantee for complete 
elimination of pulses resulting 
from contact bounce. | was 
able to cure this problem by 
connecting a 1-uF electrolytic 
Capacitor between pin 12 of 
IC2d and ground. In this way, 
the input remains logic low suf- 
ficiently long (approx. 1 s), and 
bounce pulses generated when 
S4 is released do not reach the 
output any more. 

C. Tribolet 


Contact bounce pulses are 
notorious troublemakers in dig- 
ital circuits. For the problems 
you report with the Electronic 
Code Lock, the addition of a 1- 
uF cap is a possible solution. 
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Submitting Articles for 
Publication 

Dear Editor — | have devel- 
oped a small project which | 
would like to offer you for pub- 
lication. However, looking at the 
high quality of your articles | 
fear that what | have wrought 
on my kitchen table is just not 
good enough because of my 
limited skills at technical writ- 
ing and my inability to design 
a high-quality printed circuit. 
Since | do not find a “Call for 
Designs” or similar section in 
your magazine, how does one 
actually go about submitting an 
article for publication in Elek- 
tor Electronics? 


Well it’s much simpler than 
you would expect, and there’s 
no need to have reservations 
about low design standards 
because we will do the touch- 
ing up if your article is accept- 
ed for publication. 

Content is far more important 
than looks. Basically, your cir- 
cuit has to be original and 
innovative, and other readers 
Should be able to reproduce it 
as well as grasp its theory of 
operation. Once your design 
has been accepted for publi- 
cation, you will receive a remu- 
neration proposal from the 
Publisher, via our editorial sec- 
retariat. 

Contrary to what you seem to 
think, we do not mind the odd 
Spelling mistake or slip of the 
pen in your writs because most 
articles are virtually rewritten 
by our editorial staff in close 
co-operation with one of our 
internal design engineers 
appointed to oversee your pro- 
ject technically. So, there’s 
absolutely no need to submit 
any ‘mil-spec’ documents! 
What we do need, however, is 
a clear circuit diagram, short 
descriptions of the circuit oper- 
ation and software (if used), 
and sources for all compo- 
nents used. 

Although not strictly required, 
article proposals should be 
Supplied on disk, using any of 
the popular file formats for 
word processing and PCB 
design. Why not give it a try? 
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Integrated Circuits 
Microprocessor, Interfacing 


ICM7218A 
8-Digit LED Display Driver 


Manufacturer 

Maxim Integrated Products Inc., 120 San Gabriel 
Drive, Sunnyvale, CA 94086, USA. Internet 
WWW. IT exiIN+IC.cCOomM. 


General Description 
The Maxim ICM?7218 display driver interfaces micro- 

processors to an &-digit, 7-segmert, numeric LED 
display. Included on chip are two types of 7-segment 
decoders, multiplex scan circuitry, segment and digit 
drivers, and an 88 static memory. 
The IOVI7218A accepts data in a serial fonret and di- 
ves commor-ranode displays. Data can be displayed 
in ether hexadecimal or code-B formet The 
IOQM7218A also features a NO Decode mode where 
each individual segment can be independently con- 
trolled. This is particularly useful in driving bar graphs. 
The Maxim ICM7218 is an altemative for both the 
Intersil ICM7218 and ICM7228. 


Applications 

$ Instrumentation 

b Test Equipment 

$ Hand Hdd Instruments 
È Bargraph Displays 

b Pand Meters 


Application ban pe 
DCF-controlled LED Clock, 
Hektor Hectronics May 1998. 


Features 

b Fast access time: 200ns write pulse width 

$ Microprocessor compatible 

b Hexadecimal and code B decoders 

$ Individual segment control 
with ‘No Decode’ feature 

b Digit and segment drivers on chip 

$ Conmor-anoce (ICM7128A) or 
conmon- cathode (ICM7218B) versions 

» Low-power CMOS 
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MAXIM 
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ICM7218A/B 


MODE WRITE 
(IDO - 1D7) (ID3 - 1D7) 
INPUT CONTROL 
DATA INPUTS 1 


4 
DECODE 
CONTROL SHUTDOWN 
HEXA/CODE B LOGIC 


1 


INTERDIGIT 
DECIMAL BLANKING 


8 SEGMENT 8 DIGIT 
DRIVERS DRIVERS 
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T-series Iron Powder Cores 


Passive Components 
Inductors 


Manufacturer 

Arridon Associates, 2216 East Gladwick, 
Dominguez Hills, CA 90220, USA. Internet 
vwwwamidoncorp.com. 


Iron-ponder material vs. frequency range 
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Application ean ple 
Broadband RF preamplifier for VLF LF and AM BCB, 
Elektor Hectronics May 1998. 
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Higher Q will be obtained in the upper portion of a maiterial’s frequency range when sneller cores are wed Likewise, in the 
lower portion of a meaterial’s frequency range, higher Q can be achieved when using the larger cores. 


Wire Turns L (pH) 


20 
22 
24 
26 
28 
30 
31 


11 


—» Frequency (MHz) 


19 1.63 
25 2.64 
34 4.72 
7.20 

14.40 

25.20 

31.40 


13 15 
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T-series Iron Powder Cores [Ss 
ELECTRONICS 
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A_ values (u H/ 100 tums) For conyplete part nnber, add Mix nunber to Core Size nmnber. 


Range (MHz) —> 
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Integrated Circuits 
Microprocessor, Interfacing 


Electrical characteristics (VF = 5V+10% T, = 25°C 


CONDITIONS 















+ 85°C 

















ICM7218A, B 

Decoding all 8’s, display open 

No Decode, display outputs open 
Display blank, driving display 
Decoding all 8’s and D.Ps, 

driving display 

Common Anode Vour = Vt - 2.0V 


Common Cathode Vour = 1.0 V 


Digit leakage Current 








Peak Segment Drive Current 


Common Cathode, Vour = Vt - 2.0V 








Shutdown, V+ = 5V 
Common Anode, Vour = 5V 
Common Cathode, Vour = OV 

















The following equations are useful for calculating the number of turns, inductance, or the A, value of any iron powder toroidal 
core. Each core has been assigned an A, value that may be found in the preceding chart. 





desired 'L '( uH xN 
N = 100 ee a —— A, (uH / 100 turns) = 


10 000 X 'L'( WH ) 
A, (uH /100 turns) 10 000 N? 


L = inductance (u H) A, = inductance index (u H/100 tums) 


All inputs 
Vt = 5V -20< T< +859C 
Vin = OV 


Vin = 5V 





Vt = 5V 


Interdigit Blanking Time ; Vt = 5V 





Inout High Voltage 
All inputs, -20°C < Ta < +85°C 
Input Low Voltage 





Whte Pulse Width (Low) 


White Pulse Width (High) 








Input Setup Time 
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Earthing in Variable 
Power Supply 

Dear Editor — | read with interest 
the Variable Power Supply article 
in the March 1998 issue of Elek- 
tor Electronics, and particularly the 
photograph of the prototype and 
the circuit diagram. 

| would refer you to the earth con- 
nection visible on the photograph 
from the mains input socket to the 
top of the fixing of the toroidal 
transformer. 

| would suggest that this connec- 
tion should be routed to metal 
box/chassis by another path to 
avoid becoming an effective short- 
ed turn if another piece of earthed 





equipment touches the external 


exposed metal box of the 

power supply. This could lead 

to a few sparks and mysteri- 

Ous mains fuse failures or the 

transformer overheating and 

(potentially more dangerous- 

ly) the earthing wire insulation 

melting and possibly burning. 

On the subject of (essential) earth- 

ing there is no indication in the cir- 

cuit diagram that the metal box & 
chassis should be earthed nor is 
it mentioned in the construction. 

Also | suggest that the (usual) 

warnings should have been includ- 

ed in the construction about mak- 
ing sure that: 

œ The bolt head of the toroidal 
transformer fixing does not 
touch the top cover. 

œ That primary side wiring should 

have been segregated or 

Sleeved near the secondary 

winding / circuits to maintain 

Safety insulation since these 

accessible connections are not 

earthed. 
John H. J oy, C Eng MIEE 
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We totally agree with your find- 
ings in regard of this rather 
unfortunate arrangement of the 
earth wiring as shown in the 
photograph you mention. We 
advise all readers building this 
project, or planning to do so, to 
follow the safety guidelines as 
set out in Mr. J oy’s letter. We 
also recommend consulting the 
Safety Guidelines page which is 
included in the magazine a few 
times in every year volume. 


EPROM Programmer 
Dear Editor — Your March 1997 
issue contained a fine design for 
an EPROM programmer, which I’m 
Sure many of your readers had 
eagerly looked forward to. Having 
built the circuit | was delighted to 
note that it worked spot-on, albeit 
for 27C512 EPROMs only. | did 
not discover this until after a few 
months when | had to burn a 
27C256 EPROM. That proved to 
be impossible! 
Other EPROMs like the 27C64 and 
the 27C128 can not be pro- 
grammed either. The control soft- 
ware then tells me COULD NOT WRITE. 
If | read out the EPROM, it appears 
that one or two bytes have been 
written in spite of this error report. 
Are you aware of this problem? 
R. Becker 


Assuming that the programmer 
handles ‘512 EPROMs correctly 
we'd say that the hardware and 
Software are probably okay. 
Check the following points: 

- In the program, did you select 

the right EPROM type? 
- Are you sure the EPROM used 





is Suitable for a programming 
voltage of 12.5 V (the pro- 
grammer does not work with 
21-V types). 

- Are you sure the EPROM used 
is compatible with the 1-ms 
programming algorithm 
employed by the programmer 
(50-ms types are not suit- 
able)? 

- Is the correct programming 
voltage being applied to the 
EPROM? Check the value dur- 
ing programming with the aid 
of a voltmeter. 


Motorola software utilities 
pack now by ftp 
Dear Editor — Via your P.O. Box 
1414 column | would like to advise 
readers of your magazine that the 
self-extracting archive file 
‘ELEKT494’.EXE’ mentioned in the 
article ‘RS232 interface for 
68HC11’ (Elektor Electronics 
March 1998, PC Topics supple- 
ment) is also available from the 
following Internet site: 


http://skynet.stack.nl/ftp/68hc11w 
g/m68hc11 


Thought I'd better let you know! 
Martin Lemke 


Thank you for this useful tip. 
Actually, some time ago we 
already received information that 
this file had made it all the way 
from Munich down to a Motoro- 
la BBS in Australia. We are 
pleased to see that it has now 
landed at a site that should be 
accessible to anyone at the cost 
of a local phone call. 


SWITCHBOARD 


WANTED A VHF to UHF convertor, or 
circuits, as | have a display unit with a 
VHF output, and | wish to connect a 
TV. Mr. T. Collins, 215 Arlott Crescent, 
Oldbrook, Milton Keynes MK6 2QT. 


FOR SALE EPROM programmer GP 
EP8000 £75, Spectron D-586 datas- 
cope £185, Intel MDS + ICE with 
manuals etc. £100. P. Clark (01344) 
868985. 


FOR SALE Intel Prompt 48 Develop- 
ment System for 8048/8748 Micro- 
controllers, with manuals £150. D. 
Fittes, 8 Elisabeth Court, Warwick 
CV34 6QB. Tel. (01926) 493092. 


FOR SALE Due to workshop clear- 
ance: 3 multimeters, transistor tester, 
frequency counter, valve voltmeter. 
Phone for detailed list. Ken Phillips, 
phone (01376) 323164 (Essex). 
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